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[bookmark: _GoBack]A work item was approved in RAN#86 ‎[1] (and revised in RAN#88e ‎[2]) for enhancement of integrated access and backhaul (IAB). The following objective was included in the approved work item document:
	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]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.



In this paper, we provide our views on specification of simultaneous operation for an IAB-node’s child and parent links. Then, in a companion paper ‎[3], we provide our views on specification of other features for multiplexing and duplexing enhanacements.
[bookmark: _Ref30491904][bookmark: _Ref30492156][bookmark: _Ref30491838]Discussion
Resource multiplexing
The main focus of IAB specification in Rel-16 was on TDM between communications of an IAB node with its child and parent IAB nodes. An enhancement considered for IAB specification in Rel-17 is to facilitate FDM/SDM between communications of an IAB node with its child and parent IAB nodes. This becomes especially important for IAB nodes with multiple antenna panels as they allow simultaneous operations in upstream and downstream.
Consider the scenarios illustrated in ‎Figure 1. IAB node 1 has a single antenna panel, connected to a single RF chain, that may allow simultaneous operations in upstream (with the IAB donor /parent IAB node) and downstream (with a child IAB node or a UE), provided that the operations are performed through the same beam on the antenna panel and they are all transmissions or all receptions if the IAB node 1 is half-duplex. IAB node 2, however, has multiple antenna panels, which should allow simultaneous operations in a wider range of scenarios, i.e., when different beams applied on the antenna panels are pointing to different spatial directions and even when the operations are not all transmissions or all receptions at a time.
[image: ]
[bookmark: _Ref30690149]. Illsutration of duplexing scenarios
In order to enable FDM/SDM in IAB nodes the following approaches can be considered.
Semi-static resource configuration in the frequency domain
In IAB Rel-16, resources in the time domain (slots/symbols) can be configured by the RRC as hard (H), soft (S), or not available (NA) for each IAB node. These semi-static configurations are applied only in the time domain, meaning that either all the PRBs in the BWP (except the ones that are allocated by other signals such as SS/PBCH blocks) are available (H), not available (NA), or subject to availability indication (AI) by DCI signalling (S).
A similar approach can be taken in the frequency domain – new configurations can be specified to determine availability in the time and frequency domains for an IAB node. Each configuration should include paramaters such as the periodicity and available PRBs in each period for the IAB node as shown in the example of ‎Figure 3 for the scenario depicted in ‎Figure 2. 
[bookmark: _Ref47602809][image: ]
. Example scenario
[image: ]
[bookmark: _Ref47535681]. Example of semi-static resource configuration in time and frequency domain
This approach essentially divides the available resources into hard (H) and not available (NA) for each IAB node in a semi-static manner that is fully controlled by the donor IAB-CU. The approach can be further extended to allow soft resource configurations in the frequency domain for each IAB node, hence allowing availability indication in the frequency domain by the parent node IAB-DU as well.
Dynamic availability indication in the frequency domain
A frequency-domain AI can be specified to allow an IAB node to coordinate with its child node(s), locally and dynamically, what resources to use for scheduling. The frequency-domain AI can be used with a semi-static configuration as explained in Section 2.1.1, or it can be simply used for indication of availability of frequency-domain resources (such as PRBs) on soft symbols, which would make it backward compatible with IAB Rel-16 resource configurations. This latter approach could allow a convenient operation of IAB systems with mixed Rel-16 and Rel-17 IAB nodes – resource configurations remain backward compatible and frequency-domain availability indication is only used locally when an IAB node and its child node both support enhanced duplexing.
Frequency-domain duplexing may also be enabled by proper configuration and activation of bandwidth parts so as to avoid resource overlaps among adjacent hops, fulfill guard band requirements, avoid cross-link interference, and so on.
In all the above schemes, the resolution for frequency-domain resources could be PRBs, or otherwise a number of consecutive PRBs in order to reduce signalling overhead.
Proposal 1: Extend IAB resource configuration and availability indication to the frequeny domain.
Beam indication
There are considerations for simultaneous operation of an IAB node when operating at FR2.
Single-panel IAB node: Communications of an IAB node with a single antenna panel (connected to a single RF chain) are spatially limited to one beam at a time. That means if two operations are scheduled simultaneously, the signals are constrained to be transmitted or received through a same beam.
[bookmark: _Ref30690270][bookmark: _Ref30690541]Multi-panel IAB node: Communications of an IAB node with multiple antenna panels (each connected to a separate RF chain) are not limited to one beam, but there are still constraints for simultaneous operations. Consider the example scenario in ‎Figure 2 where N has two antenna panels as shown in ‎Figure 4. (PN and CN in this example may also have multiple panels, but they are not shown for the sake of brevity.)
[image: ]
[bookmark: _Ref30691547]. Simultaneous operation for a multi-panel IAB node
Suppose that the parent IAB node (PN) schedules a PDSCH to the IAB node (N). A TCI indication determines which of the two panels of N are selected by PN. Since the PDSCH takes only one of the panels of N, the node can schedule a PUSCH from the child IAB node (CN) simultaneously. For example, if PN indicates a beam from panel P1, N will have panel P2 for communication with CN.
If N knows in advance whether and which panel will be used for communication with PN, it can schedule a communication with CN in a timely manner. However, if PN schedules the PDSCH in the same time slot for example, N will not have sufficient time to decode the DCI and transmit a DCI of its own to CN.
Some options can be considered to address this issue. For example, the matter can be left to implementation – PN always transmits the DCI in advance to indicate a beam to N in a timely manner and leave N sufficient time to schedule other communications with its own child IAB nodes or UEs using “spare” beams. The problem with this option is that PN is generally unaware of how long in advance it needs to transmit the DCI to leave N sufficient time for its own scheduling. Therefore, some rules or signaling is needed to indicate to PN a minimum period of time  by which it should transmit a scheduling DCI or at least indicate a TCI in advance. 
Proposal 2: Support early TCI indication by IAB nodes to facilitate SDM.
Dual-connectivity
When an IAB node N establishes connections with two parent IAB nodes PN1 and PN2, both parent IAB nodes can be informed of resource configurations for N according to IAB Rel-16. That is, both PN1 and PN2 can be informed of which resources for N IAB-DU are always available (H), not available (NA), or subject to availability indication (S). However, for example, if PN1 indicates soft resources available for N through DCI 2_5 signaling, PN2 does not have access to this information.
That raises several issues. One issue is that if PN2 intends to avoid interference with transmissions scheduled by N on soft resources, it does not have a means to realize whether the soft resources are already available to N. Another issue is during transition times when the link between N and PN1 is not available and PN2 should take control of resource availability for N and other child nodes without knowing which soft resources are already indicated available to N.
In order to address these issues, signalling can be introduced between parent nodes, or from an IAB node to its parent node, that informs the parent node of the current status of AI for soft resources for a dually-connected IAB node.
Proposal 3: Define signaling for IAB nodes in the DC mode to inform parent IAB nodes of the status of the availability of soft resources.
Conclusions
In this contribution, we discussed resource multiplexing enhancements for simultaneous operations on child and parent links of an IAB-node and made the following proposals:
Proposal 1: Extend IAB resource configuration and availability indication to the frequeny domain.
Proposal 2: Support early TCI indication by IAB nodes to facilitate SDM.
Proposal 3: Define signaling for IAB nodes in the DC mode to inform parent IAB nodes of the status of the availability of soft resources.
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