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Introduction
In RAN#82, the following objectives of IAB work item regarding resource multiplexing were agreed [1]:
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links.
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available.
· Specification of dynamic indication (L1 signaling) of the availability of soft resources for a child IAB-node DU.
· Specification of required transmission/reception rules for IAB-nodes and associated behaviors regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.


In this contribution, the DU resource issues in IAB semi-static configuration is discussed. In particular, the analysis focuses on the means to notify the seven DU resource types, and the way to active the signaled configuration considering the higher-layer signaling delay issue, and the schemes to use the soft resources which is a special resource type for IAB DU.  
DU resource types
It has been agreed that the DU’s child links can be allocated with 7 types of time resources: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, and Not Available. To signal certain resource type to the IAB DU, two schemes can be considered: 
1) signal the seven types explicitly; 
2) signal DL/UL/Flexible/Not-Available and hard/soft resources separately, for example, notifying hard or soft with bit-map in addition to the “traditional” DL/UL/Flexible/Not-Available resource pattern (though “Not-Available” type is not traditional). 
The two schemes ask for the same signaling overhead (3 bits for each type), whereas the second scheme may give more flexibility and therefore may be preferred. The reason is that the second scheme separates the issues of “transmission direction coordination” and “resource availability” when assigning a certain type to a given time resource. The transmission directions between adjacent links may be coordinated irrespective of hard/soft resource type to avoid conflict scenarios, i.e., even if the soft resources are activated, the half-duplex constraint will not be violated. In this case, the semi-static configuration coordinates transmission directions of each IAB node in the same chain by assigning D/U/F/NA to each IAB DU accordingly. The coordination pattern, for example as in Figure 1, may not vary frequently. The same coordination pattern may be used repeatedly by the IAB DUs. Then one can adjust the resource availability between adjacent links using hard/soft indication on each assigned D/U/F/NA resource. This indication can be updated more frequently according to, e.g., the traffic condition of each link. For the TDM operations as listed in Table 7.3.3-1 in [2], there should not be hard resources assigned to both IAB nodes that are topologically next to each other in an IAB chain. 
[image: ]
[bookmark: _Ref532990791]Figure 1:
In addition, the second scheme includes the implementation of the first scheme. It does not exclude the cases when D/U/F/NA and hard/soft resource types need to be updated simultaneously and accordingly.    
[bookmark: _Toc534818197][bookmark: _Toc534832706][bookmark: _Toc534900069][bookmark: _Toc534900530][bookmark: _Toc534900614]When indicating resource type to IAB DU, signal DL/UL/Flexible/Not-Available and hard/soft resources separately, for example, notifying hard or soft with bit-map in addition to the DL/UL/Flexible/Not-Available resource pattern.
Alignment of semi-static configuration
Semi-static configuration for IAB DU is carried by F1-AP from the donor CU. The arrival time of the signaling at each IAB DU depends not only on the geographical distance between the nodes but also on the radio bearer scheduling of as well as possible RLC retransmission, therefore the delay may change over different configuration occasions even if the IAB nodes are static.
From the CU point of view, the configuration is made such that the assigned resources to each IAB DU are used at the same time instants for fulfilling the desired coordination along the IAB chain. The variant signaling delays need to be compensated. The IAB DU is not supposed to use the configured resources upon receiving the configuration. 
[bookmark: _Toc534818196][bookmark: _Toc534832705][bookmark: _Toc534900068][bookmark: _Toc534900529][bookmark: _Toc534900613]The IAB DU is not supposed to use the configured resource upon receiving the semi-static configuration due to the varied delays between different IAB nodes. 
Therefore, we propose the scheme to associate resource allocation with activation timing information. In this scheme, the resource configuration carried by F1-AP also provides information about the activation of the given configuration (in form of SFN and offset) as well as some additional on-demand information such as the number of repetitions of the provided configuration. One illustration is shown in Figure 2, where the color is associated with a certain configuration. The colored squares represent slots configured with certain resource types at the IAB DU, whereas the downwards bold arrows marked the arriving time of each configuration signaling at each IAB node. 
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[bookmark: _Ref532995314]Figure 2: Example of the activation scheme for semi-static configuration to IAB DU.
In this example, the first (blue) configurations arrive at IAB-1, IAB-2 and IAB-3 at different time instants but the associated SFN and offset point to the same configuration-activation time. Thereby, the assigned resources at each IAB DU can be aligned and carried out as desired. The second (green) and third (orange) configurations follow in a similar way. The valid duration of the configuration can vary between different assignments. For example, the blue and green configurations assign resource types to 5 slots whereas the orange configuration assigns resource types to 6 slots. 
Additionally, there should be a minimum value for the difference between signalling arrival time and the indicated configuration-activation time (marked red in Figure 2). If, for example, due to the accumulated delays, this minimum value is reached, the corresponding IAB node should send a warning to the CU, so that the CU could send out the next configuration earlier with respect to the previously signalled configuration duration. 
[bookmark: _Toc534818198][bookmark: _Toc534832707][bookmark: _Toc534900070][bookmark: _Toc534900531][bookmark: _Toc534900615]The semi-static configurations to IAB DU should be associated with activation timing information so that the assigned resources at each IAB DU in the same IAB chain could be aligned. 
Signaling of soft resources
The soft resources are the special factor of the semi-static configuration for IAB DU, which adds dynamicity to the semi-static settings. In [2],  the usage of soft resources is described that “the availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node”. 
For the IAB DU, the implicit indication about the soft-resource availability is reflected by the MT part of the IAB node. The availability can be acquired if:
· the IAB DU transmission on the child links can be carried out without impacting the MT’s ability to fulfill the assigned transmissions on the parent link;
· the configuration of the MT in terms of search space, measurements, etc. indicates such that there is no downlink transmission to receive or uplink data to transmit despite the fact that the resource is configured as DL or UL for the MT.
When the soft resource is initially not available from the IAB DU point-of-view, due to the assigned behavior at IAB MT, explicit indication from the parent node is needed. There can be two schemes regarding the interaction between IAB and the parent node for explicitly activate the soft resources at the IAB DU:
1) Resource request from the IAB node and resource grant from the parent node;
a. [bookmark: _Hlk534898144]Resource request may include additional information, such as data priority or level of urgency, DL/UL buffer status information, the duration the requested resources, etc.;
b. Resource grant can be conditional with eligibility criteria defined for using the requested resources.
2) Resource-availability notification from the parent node and resource acknowledgement from the child node when the resource is needed.
a. Resource-availability notification may include conditions with eligibility criteria defined for using the requested resources.
[bookmark: _Toc534818200][bookmark: _Toc534832709][bookmark: _Toc534900071][bookmark: _Toc534900532][bookmark: _Toc534900616]There can be two schemes for explicitly activating soft resources at the IAB DU: 1) resource request from the IAB node and resource grant from the parent node; 2) resource-availability notification from the parent node and resource acknowledgement from the IAB node when the resource is needed.
[bookmark: _Toc534818201][bookmark: _Toc534832710][bookmark: _Toc534900072][bookmark: _Toc534900533][bookmark: _Toc534900617]The resource request may include additional information, such as data priority or level of urgency, duration of the resources in question, etc. The resource grant/availability-notification can be conditional with eligibility criteria defined for using the requested resources.
The two schemes may be suitable for different traffic conditions at the parent node and the IAB node, respectively. The first scheme facilitates the parent node since it does not need to evaluate the resource condition on the parent link unless requested by the IAB node. The second scheme facilitates the IAB node as the information on resource availability is already provided when it needs to use the resource, so the IAB node does not need to wait for the whole request-and-grant cycle before using the resources.
The additional conditions on the resource usage provide higher flexibility to share the resources between parent and IAB nodes, which could be based on traffic priority, buffer status, multiplexing capability, etc. 
Conclusion 
In this contribution we made the following observations:
Observation 1	The IAB DU is not supposed to use the configured resource upon receiving the semi-static configuration due to the varied delays between different IAB nodes.

Based on the discussion above we propose the following:
Proposal 1	When indicating resource type to IAB DU, signal DL/UL/Flexible/Not-Available and hard/soft resources separately, for example, notifying hard or soft with bit-map in addition to the DL/UL/Flexible/Not-Available resource pattern.
Proposal 2	The semi-static configurations to IAB DU should be associated with activation timing information so that the assigned resources at each IAB DU in the same IAB chain could be aligned.
Proposal 3	There can be two schemes for explicitly activating soft resources at the IAB DU: 1) resource request from the IAB node and resource grant from the parent node; 2) resource-availability notification from the parent node and resource acknowledgement from the IAB node when the resource is needed.
Proposal 4	The resource request may include additional information, such as data priority or level of urgency, duration of the resources in question, etc. The resource grant/availability-notification can be conditional with eligibility criteria defined for using the requested resources.
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