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Introduction
As part of the Rel-17 Work Item on Enhancements for Integrated Access and Backhaul for NR [1], 3GPP has agreed to the following RAN1 led objectives:
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.
This contribution discusses different physical layer enhancements to support simultaneous operation of child and parent links including aspects impacting resource allocation and RRM for IAB nodes.
Resource Multiplexing Enhancements for IAB
During Rel-16, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint as shown in Figure 1, which means they can only do the following at any given time:
1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) 
2. Transmit on the access link and/or backhaul link 
[image: cid:image005.png@01D3944D.5F473090]
Figure 1: Half-duplex constraint for IAB in Rel-16
As a result, the frame structure, timing alignment, and initial access/RRM procedures for IAB nodes in Rel-16 focused on so-called TDM operation where either the access link or backhaul link was active in a given time/frequency resources. However in Rel-17 enhancements are considered which extend the resource multiplexing to additional scenarios such as spatial division multiplexing (SDM) and multi-panel Tx/Rx (MPTR) as shown in Figure 2. MPTR is a subset of potential “full duplex IAB” operation where the different panels are used for access and backhaul links in a given slot. Depending on the scenario, MPTR could be extended to support simultaneous operation within a panel, however potentially with stricter interference requirements.
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Figure 2: SDM and MPTR for IAB in Rel-17
Support for Dynamic multiplexing capability indications
The following agreements were reached in RAN1#104bis-e:
Agreement
Adaptation of an IAB-node’s multiplexing operation is supported. The adaptation may be based on multiple factors, for example (not necessary to support all of the following):
· Resource type (D/U/F) at the IAB-DU and IAB-MT 
· Specific sets of time/frequency resources
· Certain conditions being met (e.g. supported timing modes, power control enhancements (if supported), etc.)
FFS:  Mechanisms for informing/coordination the change in multiplexing operation(s) between child and parent nodes (including whether the adaptation is dynamic or semi-static)
FFS: Need for explicit linkage between indicated multiplexing operations and other features/enhancements – e.g. number of required guard symbols, supported timing modes, and power control enhancements (if supported)

Rel-16 allows for the parent and child to exchange information about the supported multiplexing capabilities and IAB-specific guard symbols which can be used to enable more efficient utilization of resources, including guard symbols and especially soft resources at the child IAB-DU. However, multiple factors may influence whether a given multiplexing case is more or less appropriate for a given time/frequency resource for example a desire to avoid certain DL or UL slots used by access UEs or TDM-only IAB nodes, and also other factors such as self or cross-link interference, single or multi-parent operation, transmit or receive panel selection, and device capabilities. As a result, in order for the dynamic indication of availability of soft resources to be utilized effectively the parent and node should be able to take this potential variability of the multiplexing operation into account. 
This indication is most relevant for the resources which can be adapted dynamically within the DU resource configuration, since the child and parent node need to have the same understanding on the transmission direction(s) in order to know whether simultaneous operation may be supported. As a result, enhancements to DCI Format 2_5 should be used to provide the indication. Specifically, for flexible resources configured as soft, a DCI Format 2_5 indication can be used to jointly indicate a desired transmission direction (D or U) along with an indication of whether the given soft time or frequency resource is indicated as available. 
Proposal 1: To support dynamic adaptation of multiplexing capability for DU flexible resources configured as soft, a DCI Format 2_5 indication from the parent node can be used to jointly indicate a desired transmission direction (D or U) at the child along with an indication of whether the given soft time or frequency resource is indicated as available. 

Extension of frequency resources to H/S/NA resource attributes 
In order to extend the H/S/NA framework in case of FDM operation beyond inter-carrier granularity, the following agreements were made in RAN1#106-e:
Agreement
The semi-static configuration of H/S/NA resource type in frequency domain is provided per RB set, per D/U/F resource type within a slot.

Agreement
N is a configured number of PRBs, where the CU configures N
· N = {2, 4, 8, 16, 32, 64}
· FFS: Value(s) of N in case of multiple configured BWPs at the IAB-MT
· This agreement does not revert any existing RAN1 agreement 

Agreement
For a given RB set at a symbol, if Rel-17 frequency domain H/S/NA configuration is not provided, the Rel-16 time domain H/S/NA is applied

Agreement
A Reference SCS is configured for frequency domain H/S/NA configuration.

In order to make an efficient tradeoff between overhead of the signaling and the flexibility to support FDM within a carrier between access and backhaul links, the frequency domain H/S/NA configuration should be provided only for a subset of the Rel-16 TDM H/S/NA configuration where the H/S/NA resource type of a given RB set is different. This can reduce signaling since for many cases, the H/S/NA may be aligned across the bandwidth of the carrier in order to provide backwards compatibility with TDM-only IAB nodes or access UEs which may be operating in specific slots where FDM operation is not supported.
Proposal 2: The Rel-17 frequency-domain H/S/NA configuration is only provided for RB sets in a given slot which have a different H/S/NA resource type from the corresponding Rel-16 H/S/NA configuration.

Extension of spatial resources to H/S/NA resource attributes 
In RAN1#106-e the following agreement was reached:
Agreement
MAC-CE signaling from a parent node is supported for indication of beams of an IAB-DU in the direction of which simultaneous operation is restricted
1. FFS: Details of beam indication (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
1. FFS: Applicability to other beams

One open issue is the granularity of the beam indication from the parent to the child node. Given that the parent IAB node can be provide an IAB-specific SSB configuration used for IAB node topology management, it is straightforward to align the beam restriction indication with this configuration.
Proposal 3: MAC-CE signaling from the parent node to the child node can indicate a set of restricted IAB-specific SSB beams at the IAB-DU of the child node.
In RAN1#106-e the following agreements were reached:
Agreement
Spatial domain restrictions from a parent node or recommendations from a child node is limited to a subset of time resources in which simultaneous operation is applied.
· FFS: Handling of frequency resources in case of FDM operation
· FFS: Support for implicit/explicit indication of the simultaneous operation mode

Agreement
The child node indication of recommended beams to the parent node can include both IAB-MT DL beams and/or IAB-MT UL beams.
· FFS: Indication via MAC-CE or UCI transmission
· FFS: Definition of IAB-MT DL beams and/or IAB-MT UL beams (e.g. TCI state ID, Spatial relation information ID, RS ID (including CSI-RS, SRS, SSB, etc.))
· FFS: Whether indication of “not preferred” beams is supported

In addition, using the beam-management framework defined for UEs, IAB nodes which support multiple panels or even multiple beams within a same panel with sufficient isolation could conceivably be simultaneously utilized on different access and backhaul links. Similar to time/frequency subsets, the existing multiplexing capability signaling framework does not have sufficient granularity to allow differentiation based on spatial information. As a result, there may be a benefit to extend the H/S/NA resource indication to the spatial domain at the panel/beam level. RAN1 should further investigate mechanisms to associate a given H/S/NA resource at the IAB-DU with different QCL assumptions of a co-located IAB-MT using the existing beam-management framework (e.g. on the basis of different TCI states configured at the IAB-MT).
Proposal 4: The child node can dynamically report to the parent node both IAB-MT DL and IAB-MT UL beams based on SSB and CSI-RS using the existing beam-management framework (e.g. on the basis of different TCI states configured at the IAB-MT).

Timing Alignment and Over-the-Air Synchronization
One of the key requirements of NR when operating in TDD band is the synchronization and symbol level alignment of the DL across all the DUs. For IAB, the IAB-DUs do not have any wired backhaul, therefore they must derive their timing synchronization over the air. It is possible for IAB nodes to achieve this over the air-multi hop synchronization using GNSS or by using the MAC CE based T_delta signaling introduced in Rel-16.
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Figure 3: IAB Case 1 timing over multiple hops
Shown in the Figure 3 above is a typical Case 1 timing relationship between the backhaul subframes which is between the IAB-MT function of an IAB node and its parent, relative to the access subframe between which is between the DU of an IAB node and its child or a UE. As mentioned before the access subframe DL needs to be symbol level and slot level aligned across all DUs. However the backhaul subframe as seen by the IAB-MT function of the IAB node has the DL and UL shifted due to the propagation delays. However the IAB node IAB node function is aware of this shift since the timing advance is provided to the IAB-MT explicitly, so the timing advance can be used by the IAB node to align its DL access subframes. While Case 1 timing is sufficient for access links and TDM-only IAB nodes, it is not optimized for SDM or MPTR scenarios introduced in Rel-17. In order to support simultaneous operation of the access and backhaul links, additional guard symbols would need to be introduced to avoid cases where the IAB-DU or IAB-MT timing overlaps a symbol or slot boundary. If instead Case 6 or Case 7 timing are used to align the reception and transmission timing of the IAB node respectively, the overhead of the guard symbols could be reduced or avoided altogether. The following agreements were reached in RAN1#106-e:
Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
1. FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
1. FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.

Conclusion
Details on the design of the indication of when Case 6 timing (and Case 7 timing, if agreed) is performed at the IAB-node are to be discussed under 8.10.1.   

Agreement
An IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the parent node.
1. FFS for signalling details

In order to ensure backwards compatibility and avoid impact on access links and TDM-only IAB nodes, Case 1 timing should remain the default mechanism for timing alignment. As result, new timing alignment mechanisms in Rel-17 (e.g. Case 6/7) should only be used in resources which are orthogonal from those used by access or TDM-only backhaul links.
 
Proposal 5: An IAB-node is explicitly indicated when Case 6 and Case 7 timing is performed at the IAB-node via MAC-CE signaling based on whether desired/provided guard symbols for Case 6 and/or Case 7 timing are provided.

Multi-parent scenarios 
In addition, in Rel-16, the resource allocation and multiplexing framework focused on single-parent scenarios for a given IAB-node. However, to support redundancy and load-balancing, multi-parent scenarios are also possible.
Furthermore, during RAN1#106-e the following conclusion was reached for multi-parent scenarios:
Conclusion
Decide in RAN1#106bis-e whether the parent IAB DUs of a DC connected IAB node can have per-backhaul-link resource configurations.
1. FFS: whether the per-backhaul-link configuration is provided to the dual-connected IAB node.

In order to address multi-parent operation, signaling for the IAB-DU resource configuration may need enhancements in Rel-17, since to allow multiplexing which is more efficient than strict TDM requires awareness of the configured resources at the multiple parents to avoid scheduling conflicts (e.g. in case of the use of flexible symbols via DCI Format 2_0 from multiple parent nodes). In this case, per-link resource configurations exchanged between the parents can be used to override the per-DU configurations to avoid severe resource restrictions and overhead. To reduce the signaling overhead, the per-link resource configuration only needs to be provided for NA resources which override the existing DU H/S/NA configuration. 

Proposal 6: Per-backhaul link NA resource configurations which can override the per-IAB-DU configuration are supported in Rel-17. Coordination signaling to exchange the per-link resource configurations between up to two parent IAB-nodes/donors should be additionally supported in Rel-17.

Conclusion
This contribution analyzed potential physical layer enhancements for IAB resource allocation and multiplexing in Rel-17. The following proposals were made:
Proposal 1: To support dynamic adaptation of multiplexing capability for DU flexible resources configured as soft, a DCI Format 2_5 indication from the parent node can be used to jointly indicate a desired transmission direction (D or U) at the child along with an indication of whether the given soft time or frequency resource is indicated as available. 
Proposal 2: The Rel-17 frequency-domain H/S/NA configuration is only provided for RB sets in a given slot which have a different H/S/NA resource type from the corresponding Rel-16 H/S/NA configuration.
Proposal 3: MAC-CE signaling from the parent node to the child node can indicate a set of restricted IAB-specific SSB beams at the IAB-DU of the child node.

Proposal 4: The child node can dynamically report to the parent node both IAB-MT DL and IAB-MT UL beams based on SSB and CSI-RS using the existing beam-management framework (e.g. on the basis of different TCI states configured at the IAB-MT).
Proposal 5: An IAB-node is explicitly indicated when Case 6 and Case 7 timing is performed at the IAB-node via MAC-CE signaling based on whether desired/provided guard symbols for Case 6 and/or Case 7 timing are provided.
Proposal 6: Per-backhaul link NA resource configurations which can override the per-IAB-DU configuration are supported in Rel-17. Coordination signaling to exchange the per-link resource configurations between up to two parent IAB-nodes/donors should be additionally supported in Rel-17.
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