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In RAN1 Ad-Hoc 1901, following agreements were achieved:
	Agreements:

At least existing resource definitions (D/U/F) and semi-static and dynamic signaling methods defined in Rel-15 for access UEs are reused for configuration and indication of MT resources to be used by the backhaul link between the IAB node and its parent.
· FFS details
Agreements:
IAB-node/IAB-donor DU resources are provided by a semi-static configuration which is provided separately from the MT resource indication
· FFS: whether the configuration is per-link or per-DU 
· FFS: details for the configuration
Agreements:
Support indication of the dynamic availability of soft resources at an IAB node from a parent
· FFS details, including explicit vs. implicit indication


In this contribution, we discuss the details of semi-static resource allocation and dynamic resource sharing between the backhaul and access link in IAB. More specifically, we compare two resource configuration mechanisms with respect to standard impact, signaling overhead, and conflict avoidance. In addition, we discuss the detailed signaling to enable dynamic resource sharing between MT and DU. 
Semi-static resource configuration
Resource configuration for TDM
In RAN1 Ad-Hoc 1901, it was agreed that at least the existing Rel-15 resource configuration mechanism should be reused for IAB-node MT. As a result, the existing signaling scheme for Rel-15 UEs, e.g., the slot format configuration, CORESET and search space configuration, PUSCH and PDSCH configurations, etc., can be reused for an IAB node MT. However, it is still unclear that the existing Rel-15 mechanism is sufficient for IAB node MT especially when half-duplexing constraint is considered. To be more specific, for a given IAB node, MT is not able to transmit or receive on DU’s hard time resource, which implies that MT is not expected to transmit PUCCH, PUSCH, PRACH or SRS, or receive SS/PBCH, PDCCH, PDSCH or CSI-RS on such resources. Thus, additional signaling or mechanism should be introduced to restrict the behavior of MT. 
Observation 1: Additional signaling or mechanism is needed to restrict the behavior of IAB node MT. 
To ensure the successful transmission between the IAB nodes in multi-hop scenario, resource configuration between the parent node and IAB node should be coordinated such that the half duplex constraint is not violated. As discussed above, MT should neither transmit nor receive on the DU’s hard time resources, which implies that the MT’s parent node should be aware of the unavailable time resources for this MT, otherwise scheduling conflict may happen, as illustrated in Figure 1, where the parent node DU schedules the IAB node MT for the backhaul link downlink transmission in slot 1 while this MT is actually not allowed for reception since the IAB node DU is configured as hard resource in this particular slot. Therefore, the resource configuration mechanism should be able to avoid such scheduling conflict.
Observation 2: The semi-static resource configuration for parent node and IAB node should be able to avoid the scheduling conflict. 

Figure 1:  Potential scheduling conflict on DU’s hard time resources
Two alternatives are proposed to solve the above scheduling conflict issue:
· Alt. 1:   Resource configuration for both MT and DU
· A set of candidate time resources for the MT are configured by RRC signaling similar as in LTE relay, and the MT of IAB node will be scheduled only in the candidate time resources. As an example, a bitmap “1010100001” is indicated to the MT where “1” means the corresponding slot is allocated to MT as its candidate time resource, and “0” means the slot is not allocated to MT.
· For DU, the four resource types (i.e., downlink/uplink/flexible/not available) are configured with explicit F1-AP signaling, and the two flavors (i.e., hard/soft) are not explicitly indicated, but could be treated as a consequence of resource configurations. Since the donor node have the information of the candidate time resource configuration for each MT, therefore it is quite straightforward for the donor node to configure each DU the four resource types without explicitly indicating the hard/soft flavor, as illustrated in Figure 2.
a) 	The DL, UL and flexible time resources for the DU overlapping with the candidate time resources for the MT are soft resources
b) The DL, UL and flexible time resources for the DU orthogonal with the candidate time resources for the MT are hard resources.

Figure 2: Time resource configuration for MT and DU for Alt. 1
The not available time resources for the DU can either be overlapped or orthogonal with the candidate time resources for the MT. IAB donor may configure the not available time resources for several reasons, e.g., resources reserved for parent link or interference coordination among IAB nodes.
With Alt.1, the parent node DU is aware of the unavailable time resource for its child node MT due to the MT specific resource configuration. Therefore, the DU will not schedule any backhaul link transmission on the unavailable time resource and the scheduling conflict can be easily avoided.
Observation 3: For Alt.1, the scheduling conflict can be avoided since the parent node DU is aware of the unavailable time resource for the IAB node MT hence will not schedule any backhaul link transmission on the unavailable time resource.
Observation 4: For Alt.1, the two flavors (i.e., hard/soft) of resources are not explicitly configured, but can be derived according to the resource type configuration for both MT and DU.
· Alt.2: Resource configuration for DU only
For Alt.2, the resources (type/flavor) are configured for DU only. 
· The four resource types (i.e., downlink/uplink/flexible/not-available) and two flavors (i.e., soft/hard) are configured with explicit F1-AP signaling from the donor node to each DU 
With this alternative, each DU is explicitly configured with the resource type and flavor for its child links. However, some additional mechanisms/rules have to be defined so that the scheduling conflict can be avoided on the parent backhaul link. Specifically, as illustrated in Figure 3
· The IAB node MT should have the information of IAB node DU resource configuration. This is feasible since the MT and DU are logically located in one node. Once IAB node DU is configured with hard time resources, the IAB node MT should mute its reception or transmission on the parent backhaul link in these time resources. 
· The parent node DU should not schedule IAB node MT backhaul link transmission on the slots in which the IAB node DU is configured with hard resources. In other words, the IAB node MT is not available for scheduling due to half duplex constraint in the next hop. However, this slot can be available for access UEs or other IAB nodes. Therefore, an additional per link indication should be introduced on top of the per DU time resource configuration so that the parent node DU could be aware that the time resource is only not available to some particular links (i.e., IAB node MT) but available to other links. As an example, a bitmap can be introduced to indicate to the parent node DU where “1” means the corresponding slot is available for the transmission to its child node MT, and “0” means the slot is not available as shown in Figure 3.
For Alt.2, each DU are configured with two sets of signaling: per DU and per link, and the purpose of per link signaling is to inform DU its per DU configured (hard/soft) downlink/uplink/flexible time resource is not available for some particular child IAB nodes.
Observation 5: For Alt.2, the following mechanism/rule should be introduced to solve the scheduling conflict 
· The IAB node MT should have the information of IAB node DU resource configuration
· From parent node DU perspective, both per DU and per link resource configuration are needed, wherein per link configuration is used to indicate the DU that even in some available time resources, some particular child IAB node cannot be scheduled for backhaul transmission.
Both Alt.1 and Alt.2 can achieve the same purpose from the perspective of resource configuration and scheduling conflict avoidance, but they have different standard impacts and signaling overhead as listed in Table 1. According to the comparison, for Alt.1, the “soft/hard” flavor for DU resource can be implicitly configured, and MT’s behavior can be straightforwardly indicated by the explicit indication, rather than a consequence of DU’s resource configuration. Hence Alt.1 seems preferable in terms of signaling overhead and configuration complexity.
Based on the above analysis, we have the following proposal:
Proposal 1: Explicit semi-static time resource configuration signaling should be introduced to indicate the candidate time resources for the MT.
Proposal 2: Explicit semi-static time resource configuration signaling should be introduced to indicate the four types of time resource type (i.e., downlink/uplink/flexible/not available) to DU, and the two flavors (i.e., hard/soft) are implicitly derived by the following rules:
· The downlink, uplink and flexible time resources configured for the DU overlapping with the candidate time resources for the MT are regarded as soft resources
· The downlink, uplink and flexible time resources configured for the DU orthogonal with the candidate time resources for the MT are regarded as hard resources

Figure 3:  Time resource configuration for MT and DU for Alt. 2 
Table 1 Comparison between resource configuration Alt.1 and Alt.2
	
	Alt.1 
	Alt. 2

	Configuration signaling
	RRC signaling for MT:
· Downlink/Uplink/Flexible resource (Reusing Rel-15)
· Candidate time resource for backhaul link transmission (new)
F1-AP signaling for DU:
· Downlink/Uplink/Flexible/Not-available resource (new)
	RRC signaling for MT:
· Downlink/Uplink/Flexible resource 
(Reusing Rel-15)
F1-AP signaling for DU:
· Downlink/Uplink/Flexible resource/Not-available resource (new)
· Soft/Hard flavor (new)
· Not-available resource for each child IAB node on top of the per DU available resource (new)

	IAB-node DU behavior
	Based on parent DU configuration and IAB-node MT configuration:
Parent node DU will neither transmit nor receive on the parent backhaul link when:
· The time resource is configured as “NA” for the parent DU, or
· The time resource is configured as “D/U/F” for the parent DU and it is configured as “NA” for the IAB-node MT
	Based on per DU and per link configuration:
Parent node DU will neither transmit nor receive on the parent backhaul link when:
· The time resource is configured as “NA” by per DU configuration, or 
· The time resource is configured as “D/U/F” by per DU configuration and it is configured as “NA” by per link  configuration

	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]IAB-node MT behavior
	Based on RRC configuration for IAB-node MT:
IAB node MT will neither transmit nor receive on its parent backhaul link when:
· The time resource is configured as “NA” 
	Based on F1-AP configuration for IAB-node DU:
IAB node MT will neither transmit nor receive on its parent backhaul link when:
· The time resource is configured as “hard” 


 
Forward compatibility for FDM/SDM
The semi-static resource configuration mechanism for TDM operation should ensure forward compatibility for FDM/SDM operations. 
With Alt. 1 in section 2.1, the TDM/FDM/SDM can share the same resource configuration framework without introducing any additional signaling, as long as the link direction configuration for MT and DU doesn’t violate the half duplex constrain of IAB node. In addition, to have a better support for FDM/SDM operation between backhaul and access links, some additional mechanisms are needed such as Tx/Rx timing alignment, coordinated power control, etc.
As an example shown in Figure 4, 
· For slot 2, both the MT and DU are configured with downlink, thus the FDM/SDM is not allowed. 
· For slot 4, the MT of the IAB node is downlink, and the DU is soft uplink, meaning that FDM/SDM RX is possible. 
· For slot 5, the MT of the IAB node is uplink, and the DU is soft downlink, meaning that FDM/SDM TX is possible.
· For slot 9, the MT of the IAB node is uplink, and the DU is soft flexible, meaning that FDM/SDM TX may be possible.
Observation 6: The Alt. 1 TDM resource configuration mechanism can provide forward compatibility for FDM/SDM.

Figure 4: Alt.1 resource configuration for FDM/SDM
[bookmark: _Ref129681832]Dynamic resource sharing between MT and DU
In order to support dynamic resource sharing between MT and DU, the availability of the candidate time resources configured for MT should be indicated by the parent node explicitly or implicitly. If the time resource configured to the MT is released by the parent node, the DU can schedule it for its child link. 
Dynamic indication
The dynamic indication is used to indicate whether the corresponding time resource for MT is released by its parent node or not. Then DU will schedule this resource for its child link according to this indication. It should be noted that, the dynamic indication will be applied only to the soft downlink/uplink/flexible resource of DU. The other time resources (i.e., hard downlink/uplink/flexible and not available) do not need to be dynamically indicated since their usage is determined by the semi-static F1-AP signaling. This indication can be implicit or explicit as shown in Figure 5:
· Implicit indication (Option 1): The Rel-15 scheduling mechanism is reused to support dynamic resource sharing between MT and DU.
· Explicit indication (Option 2): Introduce an additional L1 signaling from parent node to MT, to dynamically indicate the usage of the configured resources for MT. 

Figure 5:  Implicit & explicit indication for dynamic resource sharing 
For the implicit indication, MT monitors the PDCCH for parent backhaul link and the DU dynamically determines the resources allocation for its child link according to the scheduling results for the MT. If the parent backhaul link is not scheduled on the configured candidate time resource, DU will use it for its child link according to the resource type configured by semi-static F1-AP configuration signaling. With this approach, dynamic resource sharing between MT and DU can be achieved without introducing any additional L1-signaling. 
For the explicit indication, a L1 signaling is introduced to indicate the MT whether its configured time resources are released or not.  Some companies suggest that DCI format 2-0 in Rel-15 can be reused for this purpose. However, based on the definition of DCI format 2-0, it is not suitable to indicate the availability of the MT’s time resource due to the following reasons:
(1) DCI format 2-0 in Rel-15 is only used for the “flexible” time resource type. However, the dynamic indication signaling is expected to be applied on all time resource types of MT  (downlink, uplink and flexible) as long as these time resources are overlapped with DU. Obviously, DCI format 2-0 cannot be used to indicate the availability of the “downlink” and “uplink” resource type configured for the MT.
(2) Even for the flexible time resources in which DCI format 2-0 can be applied, DCI format 2-0 signaling cannot be used to enable dynamic resource sharing between MT and DU. DCI format 2-0 can stop the semi-static transmission and reception of MT, such as periodical SRS transmission and search space monitoring, but it cannot stop dynamic transmission and reception on the flexible resources which is triggered by other dynamic signaling. Therefore, the MT still expects to be scheduled even if it receives DCI format 2-0 indicating the non-availability of its configured candidate time resource. 
Therefore, a new type of L1 signaling has to be introduced to indicate whether the configured candidate time resource for MT is released or not. 
Here we have the following observations:
Observation 7: DCI format 2-0 cannot be reused as explicit indication to indicate the release of configured candidate time resource for MT. 
Observation 8: For the explicit indication, a new L1 signaling should be introduced, indicating the availability of the configured candidate time resources for MT which are overlapped with DU’s soft resources.
Therefore, we have the following proposal:
Proposal 3: Implicit indication by reusing Rel-15 scheduling mechanism can be the baseline for dynamic resource sharing between MT and DU, and the necessity of explicit indication should be further studied.
Scheduling and processing delay
To ensure the dynamic resource sharing, some scheduling and processing delays have to be considered. An example of dynamic resource sharing is shown in Figure 6. The MT of IAB node decodes the PDCCH from its parent node, and determines whether the configured candidate time resource is released or not. If the candidate time resource is released, the DU can schedule its child IAB node or UE on this resource. Normally, the MT first decodes the PDCCH, then shares the scheduling decision to the DU. If the soft time resource for DU is downlink, the DU has to schedule the downlink data for its child node or UE. If the configured soft time resource for DU is uplink, the DU needs to schedule its child node or UE by PDCCH, and wait for the PUSCH reception. Therefore, the time offset between the dynamic indication and the corresponding time resource has to be carefully defined taking all of the above scheduling and processing delay into consideration. In addition, in case of multi-hop topology, this delay would be accumulated across hops.
Therefore, we have the following proposal:
Proposal 4: In order to support dynamic resource sharing between MT and DU, the following processing time constraint should be considered when designing the time offset between the dynamic indication and the corresponding time resource:
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops 

Figure 6: The PDCCH time location constraint for explicit indication
Conclusions
In this contribution, we discuss the resource multiplexing between backhaul and access in IAB, and the following observations and proposals are obtained:
Observation 1: Additional signaling or mechanism is needed to restrict the behavior of IAB node MT. 
Observation 2: The semi-static resource configuration for parent node and IAB node should be able to avoid the scheduling conflict. 
Observation 3: For Alt.1, the scheduling conflict can be avoided since the parent node DU is aware of the unavailable time resource for the IAB node MT hence will not schedule any backhaul link transmission on the unavailable time resource.
Observation 4: For Alt.1, the two flavors (i.e., hard/soft) of resources are not explicitly configured, but can be derived according to the resource type configuration for both MT and DU.
Observation 5: For Alt.2, the following mechanism/rule should be introduced to solve the scheduling conflict 
· The IAB node MT should have the information of IAB node DU resource configuration
· From parent node DU perspective, both per DU and per link resource configuration are needed, wherein per link configuration is used to indicate the DU that even in some available time resources, some particular child IAB node cannot be scheduled for backhaul transmission.
Observation 6: The Alt. 1 TDM resource configuration mechanism can provide forward compatibility for FDM/SDM.
Observation 7: DCI format 2-0 cannot be reused as explicit indication to indicate the release of configured candidate time resource for MT. 
Observation 8: For the explicit indication, a new L1 signaling should be introduced, indicating the availability of the configured candidate time resources for MT which are overlapped with DU’s soft resources.
Proposal 1: Explicit semi-static time resource configuration signaling should be introduced to indicate the candidate time resources for the MT.
Proposal 2: Explicit semi-static time resource configuration signaling should be introduced to indicate the four types of time resource type (i.e., downlink/uplink/flexible/not available) to DU, and the two flavors (i.e., hard/soft) are implicitly derived by the following rules:
· The downlink, uplink and flexible time resources configured for the DU overlapping with the candidate time resources for the MT are regarded as soft resources
· The downlink, uplink and flexible time resources configured for the DU orthogonal with the candidate time resources for the MT are regarded as hard resources
[bookmark: _GoBack]Proposal 3: Implicit indication by reusing Rel-15 scheduling mechanism can be the baseline for dynamic resource sharing between MT and DU, and the necessity of explicit indication should be further studied.
Proposal 4: In order to support dynamic resource sharing between MT and DU, the following processing time constraint should be considered when designing the time offset between the dynamic indication and the corresponding time resource:
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops
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