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1	Introduction
IAB Rel.17 WID [1] has following objectives led by RAN1:
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· [bookmark: _GoBack]Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.

[bookmark: _Hlk26193173]In this contribution, we discuss enhancements to the resource multiplexing between child and parent links of an IAB node. Section 2 focuses on simultaneous half-duplex operation of the child and parent links (MT Tx/DU Tx, MT Rx/DU Rx) and section 3 discusses enhancements related on dual connectivity scenarios.
2	FDM/SDM half-duplex operation of the child and parent links       
With TDM operation, IAB node MT and DU are not active simultaneously: MT DL Rx, MT UL Tx, DU DL Tx, and DU UL Rx take place in different symbols. With SDM/FDM half-duplex operation MT and DU may be transmitting or receiving simultaneously. FDM operation means that MT and DU are receiving or transmitting at different frequency resources while with SDM the DU Rx/Tx is spatially isolated from MT Rx/Tx.      
For TDM operation, the DU UL (U), DL (D), and Flexible (F) symbols are further configured as hard (H), soft (S) or not available (NA). H symbols are allocated exclusively for DU to schedule for child MTs or access UEs. NA symbols are not available for DU and can be reserved for MT. S symbols are conditionally available for DU scheduling. They may be made available by parent signaling them available using DCI 2_5 or the availability may be determined implicitly by the IAB node when (a) the IAB-node MT does not transmit or receive in the symbol or (b) the IAB-node MT is to transmit or receive in the symbol, and the transmission or reception in the symbol is not changed due to use of the symbol by IAB-node DU. To enable FDM and SDM between MT and DU a concept of frequency and spatial availability must be introduced for efficiently dividing resources:
· For FDM, the frequency availability signaling allows IAB node to decide which frequency resources are available or excluded for its DU.
· For SDM, the availability signaling would mean restrictions in the beam and/or panel selection of the DU indicated by an angular restriction. 

The frequency and spatial availability may be semi-static or dynamic. 
Semi-static frequency or spatial availability applies with hard/NA UL or DL symbol types and is controlled by CU: 
· For FDM, CU signals frequency resources that are available for DU scheduling in the hard UL/DL symbols. 
· For SDM, CU signalling tells if IAB node has spatial restrictions that DU must obey. Different restrictions could be applied depending on whether MT is active or not or, more generally, what the activity status of the parent DU is. 

Proposal 2.1: For FDM and SDM operation of the IAB node, the frequency and spatial availability of a resource shall be additionally indicated via semi-static signaling. 
Dynamic frequency and spatial availability applies with soft symbols and is at least partly under the control of the parent node. The presently specified implicit soft symbol availability determination allows FDM or SDM in a limited fashion. For instance, when MT is configured for DL, DU may be allowed to schedule spatially separate child UL that does not interfere with MT Rx. For supporting FDM or SDM in other situations, the availability indicator for DU soft symbols should be modified:  
For FDM in DU soft symbols, parent frequency availability signaling allows IAB node to decide which frequency resources are available or excluded for its DU soft symbols. When scheduling DL resources on the IAB DU, the resource availability can be determined implicitly at the IAB node provided K2 < K0, but in general explicit signaling will be necessary to coordinate multiplexing. The available RBs would be those which are not scheduled for the MT and not needed as a guard between MT and DU RBs. A new message is required to signal the RBs that will be scheduled for MT DL or, alternatively, that will be free for DU UL scheduling.   
Proposal 2.2: For FDM operation, a dynamic indication of frequency availability of soft resources shall be controlled by the parent via introducing frequency availability indication.  
For SDM in DU soft symbols, the new availability signaling would mean parent restricting certain angular directions that the IAB DU should not be using with its transmission beams. This could also be associated with a panel recommendation coming from the parent node. However, we shall further investigate the possibility of reusing NR MIMO framework to enable such indication. This type of SDM availability signaling enhancement may be more useful for SDM with MT in DL, where the IAB node may decide by itself how to schedule DU UL without excessive interference between MT and DU Rx signals. For this, the parent should signal in advance that it intends to schedule MT DL in a slot. For the normal MT UL, the scheduling may come early enough to be taken into account for DU DL scheduling but in general, as with FDM, explicit signaling will be necessary to coordinate multiplexing. 
Proposal 2.3: For SDM operation, a dynamic indication of spatial restrictions (or availability) of soft resources shall be further studied to enable efficient SDM operation at the IAB node. 
For both FDM and SDM, when child DU has F-S resources, availability signaling should tell which link direction is available. In general, link direction of an F-S resource of the child DU is decided by the child node. However, allowing full freedom of deciding the directions that child DU can transmit or scheduled UL transmissions would impact parent link(s), including the BH link performance. For example, certain angular restrictions (or availability) on F-S could further instruct the directions (DL/UL) available for the IAB node to allow SDM operation. 
Proposal 2.4: For FDM/SDM operation, allowed direction of the transmission for the IAB DU in F-S resources may be further controlled by the parent node by using a dynamic indication. 

3	Resource configurations for IAB DC operation
Rel.16 IAB is basically supporting dual connectivity (DC) enabling topological redundancy by providing alternative link and a redundant route for the BH connection. RAN2 and RAN3 have assumed legacy DC procedures to configure MCG and SCG for the BH connections. Hence, there can be two parent nodes to the IAB-MT having DC established.
In RAN1, DC related discussions were about whether the DU configuration shall be per cell or could it be also per link. It was agreed in RAN1 #97 that “The resources are configured on a per DU (cell) basis” with “FFS: indication of additional supplemental per-link resource configurations of child DUs”. Furthermore, as Rel.17 is targeting for IAB support for SDM/FDM operation, there will be new scenarios where the DC resource management needs further definitions.

When IAB-MT is having MCG and SCG configured, it should be unambiguous which MT configuration apply, either from MCG or SCG. If there are MT configurations from both, there should be rules how the IAB-node can and should use the resources, e.g. what link shall have the priority, can the priority change, etc. 

Proposal 3.1: For IAB-MT DC scenario, RAN1 shall investigate the rules of using resources when there are two MT configurations received with the configured MCG and SCG. 

The discussion of multiplexing rules becomes more complicated with the assumption of half-duplex operation of IAB node. If it is TDM operation, defining rules for MCG and SCG operation could be simpler. A question is that if SDM/FDM is supported by the IAB node, will that also apply for the two MT connections (MCG and SCG), as opposed to the basic assumption of SDM/FDM between a single MT connection and DU.

Observation 3.1. Clarification is needed for IAB-MT DC resource configurations and SDM/FDM operation.

An IAB-DU may serve multiple child BH connections. Some of those can be for either MCG or SCG leg of a DC connection. In such case the priorities of the resource usage of the multiple connections should be defined in an unambiguous manner. If in a DC connection either one of the links (e.g. MCG) has the priority, there could be cases where the IAB-DU serves two MCG links for which the priority should be determined.

Proposal 3.2. An IAB-node should be able to determine how to schedule the child link connections being part of the child node DC connections, either MCGs or SCGs.

Furthermore, the DU configurations of the two DC parent nodes, should be coordinated in the sense that there will not be any conflicting allocations causing issues with the DC reception at the IAB-MT. There should be support also for the scenario where the DU configurations are from different IAB-donors. This may require RAN3 involvement assuming Rel.17 will be extended for inter-donor DC operation.

Observation 3.2. The DU configurations of the parent nodes of a DC connection need to be aligned so that the IAB-MT reception would be well defined.

Proposal 3.3: For IAB-MT DU scenario, RAN1 shall investigate the required coordination between parent nodes such that MT reception is well aligned. 

Rel.17 IAB WI is also targeting to support SDM/FDM operation where the MT and DU may either transmit or receive at the same time. IAB-MT DC connection combined with SDM/FDM will cause additional issues to be solved. The BH links for MCG and SCG may have offset in the reception times due to difference in the propagation delays over the two radio links. For SDM/FDM operation, the timing of the MT and DU signals should be aligned which becomes more complex with different timings of the MT reception. The IAB-node may need to align the DU RX timing separately for the two MT RX timings. This in turn would affect the timing (TA control) on the child links as timing will change depending on the reception on the parent links, either MCG or SCG.

Proposal 3.4. RAN1 to investigate possible differences in the RX timing of MCG and SCG links causing additional issues when SDM/FDM operation is supported.

4	Conclusions
Our proposals on the FDM/SDM half-duplex operation of the child and parent links are:
Proposal 2.1: For FDM and SDM operation of the IAB node, the frequency and spatial availability of a resource shall be additionally indicated via semi-static signalling. 
Proposal 2.2: For FDM operation, a dynamic indication of frequency availability of soft resources shall be controlled by the parent via introducing frequency availability indication.  
Proposal 2.3: For SDM operation, a dynamic indication of spatial restrictions (or availability) of soft resources shall be further studied to enable efficient SDM operation at the IAB node. 
Proposal 2.4: For FDM/SDM operation, allowed direction of the transmission for the IAB DU in F-S resources may be further controlled by the parent node by using a dynamic indication. 
Our observations and proposals on resource configurations for IAB DC operation are:
Observation 3.1. Clarification is needed for IAB-MT DC resource configurations and SDM/FDM operation.
Observation 3.2. The DU configurations of the parent nodes of a DC connection need to be aligned so that the IAB-MT reception would be well defined.

Proposal 3.1: For IAB-MT DC scenario, RAN1 shall investigate the rules of using resources when there are two MT configurations received with the configured MCG and SCG.

Proposal 3.2. An IAB-node should be able to determine how to schedule the child link connections being part of the child node DC connections, either MCGs or SCGs.

Proposal 3.3: For IAB-MT DU scenario, RAN1 shall investigate the required coordination between parent nodes such that MT reception is well aligned.
Proposal 3.4. RAN1 to investigate possible differences in the RX timing of MCG and SCG links causing additional issues when SDM/FDM operation is supported.
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