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1   Introduction
RAN1#94bis has the following agreements for resource allocation in IAB. 
· From an MT point-of-view, the following time-domain resources can be indicated for the parent link 

· Downlink time resource 

· uplink time resource 

· flexible time resource 

          as in release 15. 
· From a DU point-of-view, the child link has the following types of time resources 

· Downlink time resource 

· uplink time resource 

· flexible time resource 

· not available time resources (not to be used for communication on the DU child links)

          Exact configuration for DU is FFS. 

·  For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft  

· Hard: The corresponding time resource is always available for the DU child link  

· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node

RAN1#95 has further made the following agreements. 
· Semi-static configuration should be supported for IAB node DU resources  

· Dynamic indication (L1 signaling) to an IAB node of the availability of soft resources for an IAB node DU is supported
· Existing Rel.15 L1 signaling methods are the baseline for the WI phase
· Potential enhancements (e.g. new slot formats), rules for DU/MT behavior in case of conflicts across multiple hops, and processing time constraints at the IAB node are to be further considered in the WI stag
More detailed agreements of RAN1#95 can be found in [1]. In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 

2   Semi-Static Configuration for IAB node DU resources
We illustrate an example of the IAB CU/DU split architecture and signalling in Figure 1, where we mark MT and DU in parent IAB node as P-MT/P-DU; MT and DU in child IAB node as C-MT/C-DU; child UE as C-UE. 
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Figure 1: IAB CU/DU split architecture and signaling example

From MT/UE point of view, semi-static and dynamic indication of D/U/F time-domain resource allocation is supported in Rel-15 design. For semi-static indication, RRC signalling tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated. For dynamic indication, RRC signalling slotFormatIndicator and DCI format 2_0 can be used. Taking the example in Figure 1, 
· The D/U/F time resource indication to MT will be used for parent BH link;
· The D/U/F time resource indication to C-MT will be used for child BH link;
· The D/U/F time resource indication to C-UE will be used for child AC link. 

In current IAB study, downlink/uplink/flexible/not available/hard/soft (D/U/F/NA/H/S) resources are defined for an IAB DU. Compared with D/U/F resources defined in Rel-15 specifications, NA/H/S are new resource types and need to be indicated either from the CU of IAB donor to the DU of an IAB node via F1AP signalling, or from the CU to the MT of the IAB node through RRC signalling. 
There can be different semi-static DU configuration methods regarding not available, hard and soft resource pool via F1AP signalling or RRC signalling. 
· Method 1: Explicit indication of all three resource types (NA/H/S);
· Method 2: Explicit indication of two resource types among NA/H/S; the rest resources belong to the other type. 

· Method 3: Implicit indication on Hard; Explicit indication of one resource type between NA/S. 

In DU configuration Method 1, all the three new resource types (NA/H/S) are explicitly indicated via F1AP signalling or RRC signalling. The indication of H/S resources can be with or without downlink/uplink details. 
In DU configuration Method 2, two new resource types among NA/H/S are explicitly indicated via F1AP signaling or RRC signaling, and the rest resources belong to the other type, which can be further divided into three sub-methods: 
· Method 2-1: signal H and S, the rest are NA;

· Method 2-2: signal NA and S, the rest are H; 

· Method 2-3: signal NA and H, the rest are S. 

In DU configuration Method 3, we assume that DU’s D/U resources are always hard resources and no more explicit indication on hard resources.  Only one NA and S resource types are explicitly indicated via F1AP signaling or RRC signaling for F resources. 
Compare with these three DU configuration methods, Method 1 and Method 2 have higher signalling overhead than Method 3. Hence, DU configuration Method 3 is preferred for semi-static DU configuration regarding not available, hard and soft resource pool.
Proposal 1: Semi-static resource configuration for the DU of an IAB node regarding not available/hard/soft (NA/H/S) can be indicated either from the CU of IAB donor to the DU of an IAB node via F1AP signalling, or from the CU to the MT of the IAB node through RRC signalling.  
Proposal 2: Different semi-static DU configuration methods regarding not available, hard and soft resource pool can be considered. 

· Method 1: Explicit indication of all three resource types (NA/H/S);

· Method 2: Explicit indication of two resource types among NA/H/S; the rest resources belong to the other type. 
· Method 2-1: signal H and S, the rest are NA;

· Method 2-2: signal NA and S, the rest are H; 

· Method 2-3: signal NA and H, the rest are S. 

· Method 3: Implicit indication on Hard; Explicit indication of one resource type between NA/S.
· Method 3-1: signal NA, the rest are S;

· Method 3-2: signal S, the rest are NA.

Method 3 is preferred for semi-static DU configuration regarding not available, hard and soft resource pool. 
3   Different Mapping Schemes between DU Resources and C-MT/C-UE Resources
According to IAB study, from a child MT or child UE (C-MT/C-UE) point of view, it only has D/U/F time-domain resources, while from the DU point of view, it has D/U/F/NA/H/S time-domain resources. Hence, mapping schemes need to be defined between DU resources and C-MT/C-UE resources. We propose two different mapping schemes below. 
· Mapping Scheme 1: C-MT/C-UE’s D/U resources are always Hard; DU’s NA/S resources only map to C-MT/C-UE’s F resources. 

· Mapping Scheme 2: DU’s NA/S resources can map to any of the C-MT/C-UE’s D/U/F resources. 

In Mapping Scheme 1, C-MT/C-UE’s D/U resources are always considered as hard resources at the C-MT/C-UE and are always available for child DL/UL transmission. DU’s D/U resources always 1:1 map to C-MT/C-UE’s D/U resources. A DU’s NA/S resources will not overlap with C-MT/C-UE’s D/U resources, and can only map C-MT/C-UE’s flexible (F) resources.  

Usage of C-MT/C-UE’s flexible resources can be indicated by DL scheduling and dynamic SFI. To prevent C-MT/C-UE to use the not available resource for configured grant UL transmission, semi-statically configured PUCCH resource or PRACH or semi-statically configured SRS or semi-persistently scheduled SRS, we can use dynamic SFI to set NA resources as downlink or flexible so that possible child uplink transmission can be avoided.  To prevent C-MT/C-UE receive CSI-RS, we can use dynamic SFI to set NA resource as uplink or flexible.

In Mapping Scheme 2, C-MT/C-UE’s semi-static allocated D/U resources cannot be always considered as hard resources, and some D/U resources may be not available to use. The DU’s NA/S resources can map to any of the C-MT/C-UE’s D/U/F resources. However, a C-MT/C-UE’s DL/UL link directions indicated by semi-static DL-UL assignment cannot be over-written by the DU, e.g., using dynamic SFI or DCI triggered data transmission, etc. Hence, when DU’s NA/S resources are mapped to a C-MT or C-UE’s D/U resources, the C-MT or C-UE need to be informed which resources are NA and S. To this end, new RRC signalling need to be defined. The new RRC signalling is not supported by Rel-15 UEs. Therefore Mapping Scheme 2 will have backward compatible issue and should not be supported. 
Proposal 3: Support the following mapping schemes between IAB DU’s time resource and C-MT/C-UE’s time resource: C-MT/C-UE’s D/U resources are always Hard; DU’s NA/S resources only map to C-MT/C-UE’s F resources. 

4   Dynamic Indication of Soft Resource Availability
In IAB network, the soft resources may be available at an IAB DU for the child links either when the parent link is not using the resources, or when the grand-child link is not using the resources. In Figure 2, we use a simplified architecture to illustrate the soft resource availability from parent link or grand-child (GC) link: the soft resource availability from the IAB DU to C-MT depends on either resources released from the parent link of P-DU to MT, or resources released from C-DU to GC-MT or GC-UE link.    
[image: image2.jpg]Parent DU IAB node Child IAB node Grand-child node

Parent link Grand-child link





Figure 2: Soft resource availability from parent link or grand-child link
The soft resource pool can be semi-statically informed from the CU to the DU through F1AP signaling, or from the CU to the MT of the IAB node through RRC signaling as discussed in Section 2 of this contribution. The availability of the soft resources among the soft resource pool can be dynamically indicated either from its parent node or from its child node. 
For dynamic indication of soft resource availability at an IAB node from its parent node, the parent node can explicitly and/or implicitly inform the IAB node about it: 

· Implicit Method: Implicit notification from the parent node based on Rel-15 scheduling mechanism

· Explicit Method: Explicit notification from the parent node or from the CU with new signaling

In Implicit Method, the parent node does not directly/clearly indicate the availability of soft resource. Through Rel-15 scheduling mechanism, the MT of the IAB node can monitor the DCI from parent DU. If there exists not scheduled parent BH link resource, the IAB node considers those resource as soft resource for its child links. There could be CLI issue with this Implicit Method if the parent DU is serving other child nodes even if this IAB node is not scheduled.  
In Explicit Method, the parent node or the CU applies additional signaling to an IAB node to explicitly indicate the soft resource related information. There can be multiple options to fulfill this purpose, for example, using SFI in DCI format 2_0, MAC CE, etc. To explicitly indicate soft resource availability using SFI the following options can be considered

· Option 1: use one SFI indication from P-DU to the MT of the IAB node with new entries added in the slot format Table 11.1.1-1 [2] to include soft resource information

· Option 2: use two SFI indications for parent link and child links respectively. To achieve this, one method is to use similar approach as in multi-slot SFI indication. 
Comparing Option 1 and Option 2, Option 2 can be achieved with minimal specification effort. Therefore Option 2 is preferred. 

For dynamic indication of soft resource availability at an IAB node from its child node, since an IAB DU do not know whether its grand-child link is scheduled or not, this indication cannot be with implicit method. In other words, only explicit notification from the child MT to the IAB DU regarding soft resource availability with new signaling can fulfil this purpose. The explicit indication can be done by using either L1 or L2 signaling.  
Proposal 4: Dynamic indication on soft resource availability at an IAB node is needed from both its parent DU (when the resource is temporarily released from the parent backhaul link) and from its child MT (when the resource is temporarily released from the grand-child backhaul link). 
Proposal 5: For dynamic indication of soft resource availability at an IAB node from its parent node, the parent node can explicitly and/or implicitly inform the IAB node about it: 

· Implicit Method: Implicitly notification from the parent node based on Rel-15 scheduling mechanism

· Explicit Method: Explicitly notification from the parent node or from the CU with new signaling

Proposal 6: To explicitly indicate soft resource availability using SFI, use two SFI indications for parent link and child links respectively. Similar approach as in multi-slot SFI indication can be applied. 
Proposal 7: For dynamic indication of soft resource availability at an IAB node from its child node, the child MT can explicitly inform the IAB DU using L1 or L2 signaling. 

5   Conclusion

In this contribution, we discussed mechanisms for resource multiplexing among backhaul and access link. It is summarized by the following observations and proposals. 
Proposal 1: Semi-static resource configuration for the DU of an IAB node regarding not available/hard/soft (NA/H/S) can be indicated either from the CU of IAB donor to the DU of an IAB node via F1AP signalling, or from the CU to the MT of the IAB node through RRC signalling.  
Proposal 2: Different semi-static DU configuration methods regarding not available, hard and soft resource pool can be considered. 

· Method 1: Explicit indication of all three resource types (NA/H/S);

· Method 2: Explicit indication of two resource types among NA/H/S; the rest resources belong to the other type. 
· Method 2-1: signal H and S, the rest are NA;

· Method 2-2: signal NA and S, the rest are H; 

· Method 2-3: signal NA and H, the rest are S. 

· Method 3: Implicit indication on Hard; Explicit indication of one resource type between NA/S.

· Method 3-1: signal NA, the rest are S;

· Method 3-2: signal S, the rest are NA.

Method 3 is preferred for semi-static DU configuration regarding not available, hard and soft resource pool. 

Proposal 3: Support the following mapping schemes between IAB DU’s time resource and C-MT/C-UE’s time resource: C-MT/C-UE’s D/U resources are always Hard; DU’s NA/S resources only map to C-MT/C-UE’s F resources. 

Proposal 4: Dynamic indication on soft resource availability at an IAB node is needed from both its parent DU (when the resource is temporarily released from the parent backhaul link) and from its child MT (when the resource is temporarily released from the grand-child backhaul link). 

Proposal 5: For dynamic indication of soft resource availability at an IAB node from its parent node, the parent node can explicitly and/or implicitly inform the IAB node about it: 

· Implicit Method: Implicitly notification from the parent node based on Rel-15 scheduling mechanism

· Explicit Method: Explicitly notification from the parent node or from the CU with new signaling

Proposal 6: To explicitly indicate soft resource availability using SFI, use two SFI indications for parent link and child links respectively. Similar approach as in multi-slot SFI indication can be applied. 
Proposal 7: For dynamic indication of soft resource availability at an IAB node from its child node, the child MT can explicitly inform the IAB DU using L1 or L2 signaling. 
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