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In RAN1 #96bis, the following agreements were achieved [1]:
	[bookmark: OLE_LINK2]Agreements:
· 
In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfill its performance requirements in terms of measurement and transmission of cell specific signals / channels.
· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 
· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 
· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
· FFS the cell specific signals/channels. The list may include (not necessarily an exhaustive list)
· SSB transmissions
· Broadcast system information
· Configured periodic CSI-RS
· PRACH resources
· Resources for scheduling requests
Agreements:
·  An IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes.
· in the case the full DU resource configuration information of its child IAB nodes is not necessary, ensure that only the necessary configuration information is signaled to the IAB node.
· FFS the necessary configuration information.


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 analyze the inter-IAB node conflict resolution mechanisms with respect to standard impact and signaling overhead. In addition, the exception cases for DU and MT on the hard/soft resources, and the signaling to enable dynamic resource sharing between MT and DU are also presented. 
Inter-IAB node conflict resolution
Resource configuration for TDM
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. More specifically, 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. In the following, we discuss the candidate conflict resolution and necessary configuration information. 
It is agreed that an IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes, which could be achieved by the following two alternative.
Alt. 1:   Parent node is aware of the all child node DU configuration (D/U/F/H/S/NA) explicitly via F1-AP signaling.
With this alternative, parent node DU could derive the available/not-available time resource on its backhaul link based on child node DU’s resource configuration. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK3]From parent DU’s perspective, the necessary information should include all the resource configuration (D/U/F/H/S/NA), as it determines the available time resources for its child node MT based on the different frame timing for child node DU’s Uplink or Downlink transmission, as illustrated in Figure 1. Some companies think the link direction configuration may be not necessary and could be saved. However, this information is actually necessary considering the possible TX/RX switching gap in child IAB node.  For example, for child node DU, we assume that only the first two symbols of a slot are hard symbols, and the remaining symbols are N/A or soft symbols. The link direction of these two symbols has to be known for parent DU, so that it can avoid downlink scheduling symbol #2 for the child MT due to the fact that symbol#2 has to be used to accommodate the child IAB node TX/RX switching. However, if the first two hard symbols of child DU are uplink symbols, the first available symbol for child node MT downlink scheduling becomes symbol #1. Therefore, the child DU’s link direction information has to be signaled explicitly to parent DU, and the timing offset for child node should also be taken into account[2].
From child MT’s perspective, it should be assumed to be aware of the resource configuration information of child DU, which is feasible since the MT and DU are located within one IAB node. Similarly, the child MT should stop its reception or transmission on its parent backhaul based on child DU’s configuration as discussed above.
As discussed above, the transmission direction for the child link will have an impact on the available time resource for parent backhaul link.  But for the configured flexible resource for child DU, the link direction is determined by dynamic SFI signaling, which cannot be indicated in the semi-static F1-AP configuration signaling. To avoid resource conflict as above described on the flexible DU resource, the following solutions have to be considered. 
Solution 1: Parent node DU should be aware of the SFI of child node DU, which needs additional dynamic signaling from child MT and parent DU to report the child DU SFI configuration.  
Solution 2: Parent node DU does not need to be aware of the SFI of child node DU, but consider the worst case for these flexible resources. It should consider all the possible SFIs and choose the case with the least available MT resources. In the example of figure 1, if the two hard symbols are flexible symbols for child node DU, parent node DU should consider the possible TX/RX switching gap shown in case 1, thus the first available symbol for MT is symbol #3.
Obviously, neither solution is preferable. 


Figure 1: Scheduling conflict avoidance for Alt. 1
Observation 1: For Alt.1, the whole child node DU configuration (D/U/F/NA/H/S) is necessary for parent node DU to avoid the scheduling configuration.
Observation 2: For Alt.1, RAN1 has to consider how to solve the potential resource conflict for the child DU’s flexible time resource, due to the uncertain link direction.
Alt.2: Parent node is aware of the child node DU configuration implicitly
In this alternative, a set of candidate backhaul time resources are configured to MT by RRC signaling, and parent node DU is able to obtain this RRC configuration for its child node MT and it will only schedule the child node MT on the configured available time resource, therefore the scheduling conflict could be easily avoided. Furthermore, the time resource of child node MT and DU is configured by donor, so the donor node can easily avoid the resource configuration conflict of Alt.1
Actually with Alt.2, the DU does not need to be configured with Hard/Soft flavor with explicit F1-AP signaling, but can derive it from the MT’s resource configuration and part of DU’s time resource type (i.e., D/U/F/NA). Specifically,
· The time resource of DU overlapping with the not-available time resource for MT is treated as hard
· The time resource of DU overlapping with the available time resource for MT is treated a soft.
Therefore, the DU soft/hard resource flavor can be treated as a consequence of the candidate time resource configuration of MT and does not need to be explicitly configured by F1-AP signaling.
In the example of figure 2, the donor node could configure appropriate symbol utilization for IAB node MT and DU taking their link directions and TX/RX switching gap into account, to avoid the resource conflict between parent backhaul link and child link. Even for the flexible resource of DU, with Alt.2, the child DU can determine its link direction according to MT’s resource configuration and dynamic utilization, without affecting parent DU’s scheduling decision, thus avoid the issues of Alt.1. 



Figure 2: Scheduling conflict avoidance for Alt. 2
Observation 3: For Alt. 2, the two flavors (i.e., hard/soft) of resources do not need to be explicitly configured, but can be derived according to the resource type configuration for both MT and DU.
Observation 4: For Alt.2, the resource conflict for the child DU’s flexible time resource can be easily avoided without any specification impact.
In summary, both Alt. 1 and Alt.2 can avoid the inter-IAB node scheduling conflict issue caused by IAB node half duplex constraint. The two mechanisms have different standard impacts and signaling overhead as listed in Table 1. Alt.2 seems preferable in terms of signaling overhead and configuration complexity with minimum RAN1 impact.
Based on the above analysis, we have the following proposal:
Proposal 1: Inter-IAB node conflict can be avoided by informing parent node DU the candidate time resource for child node MT:
· RRC signaling should be introduced to indicate the candidate time resources for backhaul link transmission for MT.
· F1-AP signaling should be introduced to explicitly 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) can be implicitly derived by the following rules without explicit indication:
a) 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
b) 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
Table 1 Comparison between candidate resource configurations
	
	Alt.1 
	Alt. 2-2

	Configuration signaling
	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)
· D/U/F/H/S/NA resource configuration for each child IAB node DU(new)
	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)

	IAB-node DU behavior
	Based on DU configuration and its child node DU configuration:
Parent node DU will neither transmit nor receive on the particular parent backhaul link when:
· The time resource is configured as “NA” for the parent DU configuration, or 
· The time resource is configured as “D/U/F” for the parent node DU, and the detailed available resource for parent backhaul link is based on child node DU’s resource configuration
	Based on DU configuration and its child 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
· [bookmark: OLE_LINK5]The time resource is configured as “D/U/F” for the parent DU, and it is configured as “NA” for the IAB-node MT

	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]IAB-node MT behavior
	Based on F1-AP configuration for IAB-node DU:
IAB node MT should derive its availability to transmit or receive on parent backhaul link based on:
· The IAB node DU’s resource configuration (D/U/F/H/S/NA)
	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” 


 
Forward compatibility for FDM/SDM
The semi-static resource configuration mechanism for TDM operation should ensure forward compatibility for FDM/SDM operations. 
With Alt. 2 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 3, 
· 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 5: The Alt. 2 TDM resource configuration mechanism can provide forward compatibility for FDM/SDM.

Figure 3: Alt.2 resource configuration for FDM/SDM
[bookmark: _Ref129681832]Priority rule for DU and MT operation
In RAN1 #96bis, the potential conflicting configurations between DU hard/soft/N-A resource and specific signals/channels configured at DU/MT has been discussed, and the following agreement has been made: 
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfill its performance requirements in terms of measurement and transmission of cell specific signals / channels.
· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 
· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 
· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
· FFS the cell specific signals/channels. The list may include (not necessarily an exhaustive list)
· SSB transmissions
· Broadcast system information
· Configured periodic CSI-RS
· PRACH resources
· Resources for scheduling requests
For different signal/channels, the choice may be different. For periodic CSI-RS/SRS and resources for scheduling requests, Alt.1 should be supported. For these signals, the transmission/reception opportunities can be evenly and sparse in time domain, so it’s possible to arrange these cell specific signals/channels only in the DU hard resource.  
While for the following cell-specific signals/channels listed, Alt.2 should be supported:
· SSB transmission 
· PRACH resources
· RMSI transmission
These signals may have much longer periodicity than the semi-static time resource configuration. For example, the SSB may have a periodicity of 80ms, but the periodicity for semi-static time resource configuration may be much smaller, e.g., 10ms. It is impossible to align the hard resources with SSB resources, otherwise the MT may lose a lot of candidate time resources. As illustrated in Figure 4, based on the 10ms periodicity of semi-static time resource configuration, to fulfill the requirement of SSB transmission, half frame of the DU resources are configured as hard flavor. However, in the later period, even there is no SSB transmission requirement, the DU resources are still kept as hard and there is no opportunities for MT to use. Another way is to align the configuration periodicity of semi-static time resource configuration of IAB node with the periodicity of these cell-specific signals/channels. To support symbol level resource multiplexing, the long periodicity of time resource configuration will bring a large signaling overhead, and it is not preferred as well.


Figure 4: Configuration period mismatch for semi-static resource configuration and SSB
[bookmark: OLE_LINK9]Observation 6: The resource shall be configured as hard flavor, when DU is configured with:
· Periodic CSI-RS transmission
· Periodic SRS reception
· Resource for scheduling request
Proposal 2: The resource should be treated as if it were a Hard DU resource, if a DU NA or Soft resource is configured with the cell-specific signals/channels below:
· SSB transmission
· PRACH resources
· RMSI transmission
Dynamic resource sharing between MT and DU
Explicit indication
For the explicit indication signaling, some companies propose to use SFI-like indication via DCI format 2_0. 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:
· DCI format 2_0 is only used for the “flexible” time resource type by its definition. 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. If we would like to extend the indication range of DCI format 2_0, the signaling needs to be re-defined which has a significant impact on the existing specification.
· A SFI-index filed value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots starting from a slot where the UE detects the DCI format 2_0. However, to enable dynamic resource sharing, the scheduling and process delay should be considered. In this situation, there should be an indication time offset between the slot where the IAB node MT detects the explicit indication and the slot to be indicated, which is not supported by DCI 2_0.
· Reusing DCI 2_0 which implies that the slot format indication of flexible time resource and the dynamic resource sharing indication will have the same indication periodicity. As the functionality of these two indications are totally independent, it’s not preferred to combine them together in one DCI format.
Therefore, a new type of DCI format is proposed to be introduced. The dynamic indication should indicate the time resource for IAB node MT is release by its parent node or not. It should be noted that, based on the previous discussion, the dynamic indication will be applied only on the soft resource of DU and other time resources, i.e., hard resource and Not-available resource do not need to be dynamically indicated since their usage is determined by the semi-static F1-AP signaling. In this manner, to indicate the MT’s release or DU’s availability can reach the same result. However, considering the forward capability, this information can be extended. For example, the MT is configured with periodic transmission of SRS on the time resource, and DU is configured as Not-available at the same time. The explicit indication can be used on this time resource to mute the MT’s transmission, thus both the MT and DU’s transmission are stopped, which can be used for a flexible interference management. From this perspective, the indication of release of MT time resource is more flexible. 
More detailed, a bit map may be used to indicate the availability of the MT’s time resource, where “1” means the indicated time resource is available/not-released for MT, and “0” means the resource is not-available/released for MT, as illustrated in Figure 5. It should be clarified that:
· IAB node should conclude on the availability for the corresponding DU resources based on the indication.
· The time offset between the dynamic indication and the corresponding time resource should be configured;

 
Figure 5: Explicit indication for dynamic resource sharing
Here we have the following observations and proposal:
Observation 7: DCI format 2_0 cannot be reused as explicit indication to indicate the availability of configured candidate time resource for MT. 
Observation 8: For the explicit indication, a new DCI format should be introduced, indicating the use of configured candidate time resources for MT, which are overlapped with DU’s soft resources.
Proposal 3: Explicit indication based on a new DCI format should be introduced for dynamic resource sharing between MT and DU, and the time offset between the dynamic indication and the corresponding time resource should be configured.
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: For Alt.1, the whole child node DU configuration (D/U/F/NA/H/S) is necessary for parent node DU to avoid the scheduling configuration.
Observation 2: For Alt.1, RAN1 has to consider how to solve the potential resource conflict for the child DU’s flexible time resource, due to the uncertain link direction.
Observation 3: For Alt. 2, the two flavors (i.e., hard/soft) of resources do not need to be explicitly configured, but can be derived according to the resource type configuration for both MT and DU.
Observation 4: For Alt.2, the resource conflict for the child DU’s flexible time resource can be easily avoided without any specification impact.
Observation 5: The Alt. 2 TDM resource configuration mechanism can provide forward compatibility for FDM/SDM.
Observation 6: The resource shall be configured as hard flavor, when DU is configured with:
· Periodic CSI-RS transmission
· Periodic SRS reception
· Resource for scheduling request
Observation 7: DCI format 2_0 cannot be reused as explicit indication to indicate the availability of configured candidate time resource for MT. 
Observation 8: For the explicit indication, a new DCI format should be introduced, indicating the use of configured candidate time resources for MT, which are overlapped with DU’s soft resources.
Proposal 1: Inter-IAB node conflict can be avoided by informing parent node DU the candidate time resource for child node MT:
· RRC signaling should be introduced to indicate the candidate time resources for backhaul link transmission for MT.
· F1-AP signaling should be introduced to explicitly 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) can be implicitly derived by the following rules without explicit indication:
a) 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
b) 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
Proposal 2: The resource should be treated as if it were a Hard DU resource, if a DU NA or Soft resource is configured with the cell-specific signals/channels below:
· SSB transmission
· PRACH resources
· RMSI transmission
Proposal 3: Explicit indication based on a new DCI format should be introduced for dynamic resource sharing between MT and DU, and the time offset between the dynamic indication and the corresponding time resource should be configured.
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