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Introduction
RAN1 is working on enhancements for resource multiplexing, i.e. not to limit to time division multiplexing (TDM) only between the parent and child links, but to enable frequency (FDM) and/or spatial (SDM) multiplexing between the links, [1]. Other enhancements are related to support of dual connectivity (DC), timing for SDM/FDM, power control and potential impacts on cross link interference (CLI). This contribution discusses RAN1 enhancements for radio resource usage and what impacts are anticipated for RAN3 specifications.
Discussion
Rel.16 IAB is supporting only TDM between the parent and child links, i.e. MT and DU are not transmitting and receiving at the same time. Rel.17 specifications will be extending the capability so that MT and DU can either transmit or receive at the same time (half duplex operation), or MT and DU can transmit and receive at the same time (full duplex operation). The division between the MT and DU resource usage can be done either with FDM or SDM.
FDM support:
The FDM operation requires appropriate H/S/NA (hard/soft/not available) configuration for the DU resources. H/S/NA configuration shall be done per frequency block where the granularity of frequency domain resources is represented as a number or resource blocks. Details of the granularity are still under discussion in RAN1. Also, the way how the configurations will be done, is still open. Two alternatives are considered: Separate configurations for FDM and TDM, or, FDM/TDM are jointly applied. Although the final agreements are pending in RAN1, RAN3 can expect enhancements for H/S/NA configuration for the DU resource to support FDM operation.
Observation 1: FDM support will require enhancement for the DU H/S/NA configuration, i.e. enhancement for F1AP signaling.
DCI 2_5 can be used for resource availability indications in frequency domain. This indication, however, is between the parent and child nodes and therefore does not affect RAN3.
SDM support: 
For the spatial domain resources, the parent node may dynamically indicate beam restrictions/recommendations to the child node. The child node may also indicate such restrictions (e.g. set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node) to the parent node. There are still open issues like:
· Actual required signaling, dynamic/semi-static
· Relation between parent and child indications
· Per-panel granularity in addition to beam granularity
Likely most of the signaling enhancements will be between parent and child nodes, there may be none or limited impact to RAN3 to support SDM. Semi-static configurations, if agreed, need to be checked what specifications will be impacted. In general, RAN1 needs to proceed with the definitions of the SDM operation before concluding the implications to RAN3.
Observation 2. RAN1 specification status for SDM support has to mature before determining the need for RAN3 involvement.
For both SDM/FDM, to facilitate the adaptation between multiplexing modes, the child node may dynamically indicate conditions/parameters like guard symbols, guard band, required timing mode, preferred TCI, etc. However, all these are still FFS in RAN1, including required signalling, and potential RAN3 implications cannot be confirmed at the moment.

Dual connectivity (DC):
DC will be supported at least for inter-band and intra-band inter-frequency cases. The assumption is that the TDD configurations for the parent nodes are aligned, i.e. there is no conflicting DL/UL allocations between the MCG and SCG links. In the intra-donor scenario this can be handled by the donor-CU while in the inter-donor case the configurations have to be aligned between the donor-CUs. Information for the TDD configurations can be exchanged over Xn as per current specification supporting the TDD coordination between donors.
Observation 3. Exchange of TDD configurations between donors is supported in current specification.

RAN1 has agreed on IAB specific U/F/D pattern for which F1 specification has to be extended:
Proposal 1. Support for IAB U/F/D pattern to be included in the F1AP signaling.
As the TDD configuration may include also flexible symbols, DCI 2_0 can be used to dynamically assign those resources for DL or UL. It is open whether and how the coordination of the assignment of the flexible resource shall be done. DCI 2_0 is sent from the parent on lower layers which makes the real time coordination difficult in IAB scenario when there is no direct connection between the nodes.
Observation 4. It is open if and how the coordination of flexible symbol assignment with DCI 2_0 can be done between the parent nodes.
Additionally, H/S/NA configurations should be aligned between the IAB nodes to avoid conflicting usage of the DU resources. With intra-donor scenario, the alignment can be done by the donor CU. For inter-donor scenario, the H/S/NA configurations should be made aware to the neighbouring CUs so that the alignment can be done. Hence, XnAP shall be extended to support the H/S/NA configuration information exchange.
Proposal 2. XnAP signaling to be extended to support H/S/NA configuration exchange.
 
Conclusion
In this contribution, we have discussed the need for RAN3 involvement related to enhancements for resource multiplexing discussed and developed mainly in RAN1. For multiplexing options we made following observations and proposals:
Observation 1: FDM support will require enhancement for the DU H/S/NA configuration, i.e. enhancement for F1AP signaling.
Observation 2. RAN1 specification status for SDM support has to mature before determining the need for RAN3 involvement.
Observation 3. Exchange of TDD configurations between donors is supported in current specification.
Observation 4. It is open if and how the coordination of flexible symbol assignment with DCI 2_0 can be done between the parent nodes.
Proposal 1. Support for IAB U/F/D pattern to be included in the F1AP signaling.
Proposal 2. XnAP signaling to be extended to support H/S/NA configuration exchange.


References
[1] RP-201293, Enhancements to Integrated Access and Backhaul for NR
[2] Final Report of 3GPP TSG RAN WG1 #103-e v1.0.0

