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Introduction
RAN1#102e made the following agreements on enhancements to resource multiplexing between child and parent links of an IAB node [1]:
	Agreement
The Rel-16 semi-static and dynamic resource allocation mechanisms are the starting point for supporting Rel-17 multiplexing cases. 
· FFS: Applicability for different IAB-DU resource types
· FFS: Cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT
Agreement
· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 
· Further study for Case A and Case B at least the following scenarios:
· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)
· Further study for Case C and Case D at least for the following scenarios:
· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis 



This contribution discusses some issues related to FDM/SDM multiplexing for IAB node. 
Discussion
2.1 Resource configuration in frequency domain for DU
In Rel-16, IAB specifications mainly focus on TDM between parent link and child link with consideration for forward compatibility for potential support of FDM/SDM. Due to the network-wide implications of half duplexing constraint, IAB-DU resource can be configured semi-statically as D/F/U and H/S/NA by CU in the time domain, availability of the soft resources configured by CU can be further indicated by the parent node through DCI format 2_5. Meanwhile, it is not considered in Rel-16 whether and how to divide frequency-domain resources between parent link and child link.
In Rel-17 IAB WID [2], one of new functionalities is the duplexing enhancements on simultaneous transmissions and/or reception on parent link and child link, i.e., parent link and child link are multiplexed in FDM/SDM manner. For an IAB node, it is necessary to ensure that the parent link resources scheduled by parent DU and child link resources scheduled by IAB-DU are (quasi-)orthogonal in frequency domain or spatial domain in order to avoid mutual interference.
The semi-static frequency resource partitioning can be implemented by a centralized approach similar as H/S/NA configuration by CU in the time domain.
Proposal 1: The semi-static resource partitioning scheme similar as Rel-16 mechanism of CU time-domain H/S/NA configuration can be a starting point of resource partitioning scheme in frequency domain.
For an IAB node, when parent link and child link are multiplexed in TDM manner, IAB-MT or IAB-DU can use the whole bandwidth of a cell. For simultaneous operations of an IAB node with sufficient isolation between MT and DU, overlapping frequency resources (i.e. SDM) can be used by IAB node MT and DU in order to increase spectrum efficiency. However, for an IAB node with insufficient isolation between MT and DU, to support simultaneous operation of IAB node’s parent link and child link, FDM can be performed. In this case, it is necessary to allocate orthogonal frequency resource for two links to avoid mutual interference. Similar to time domain resource configuration, one resource unit (e.g. RB) in frequency domain can be configured as Hard or NA. Where, Hard means that the corresponding frequency resource is available for the IAB-DU, and NA means opposite, i.e. the corresponding frequency resource is not available for the IAB-DU. In Rel-16, soft DU resources in time domain could be configured to realize the flexible resource sharing between parent link and child link, however, the benefit of supporting soft resource configuration in frequency domain has not been justified, and support of indication of the dynamic availability of soft resources in frequency domain could to be seen with a lot of normative works. So whether soft resources in frequency domain could be configured should be FFS.
Proposal 2: For resource configuration in frequency domain for DU, the following types of frequency resources could be configured for each IAB-DU cell:
· Hard: The corresponding frequency resource is available for the IAB-DU
· NA: The corresponding frequency resource is not available for the IAB-DU
· FFS: Whether Soft frequency resource should be configured.
Similar to Soft/NA time resource that can be used by IAB-DU to transmit/receive cell-specific/semi-static signals and channels (such as SSB transmission, periodic CSI-RS, PRACH, SR etc.), frequency resource partitioning should not limit transmission/reception of cell-specific/semi-static signals and channels.
Proposal 3: A frequency resource is equivalent to being configured as hard if it is used to transmit or receive cell-specific/semi-static signals and channels in the frequency resource by DU.
2.2 Half duplexing (Multiplexing Case A/B)
Both single panel and multi-panel IAB nodes can support FDM between parent link and child link for multiplexing Case A/B.
For a multi-panel IAB node, it is feasible to use different analog beams to support SDM between parent link and child link because in general, the multi-panel IAB node can achieve better spatial isolation.
However, for a single panel IAB node, it is hard to use different analog beams to support SDM between parent link and child link due to insufficient space isolation or only supporting single analog beam at a time. Therefore, for single panel IAB node if parent link and child link are multiplexed in SDM manner, digital beams must be used, and the scheduled resources for IAB-MT and IAB-DU should be aligned in the time domain. Otherwise, it is difficult to ensure that DMRS ports for two links are orthogonal in the case of digital beams. If not orthogonal, it will lead to serious mutual interference between parent link and child link. However, above requirements for scheduled resources alignment is difficult to meet because the resources of adjacent hops are scheduled by different nodes (i.e. for an IAB node, its parent link is scheduled by parent node, while its child link is scheduled by itself) and it is not feasible to let IAB nodes to exchange scheduling information with each other.
Proposal 4: For multiplexing Case A/B, study of multi-panel IAB nodes operating in unpaired spectrum should be prioritized in Rel-17.
2.3 Full duplexing (Multiplexing Case C/D)
For full-duplex operation (i.e., simultaneous DU-Tx/MT-Rx and simultaneous DU-Rx/MT-Tx), one traditional issue still exists: due to the same node being the transmitter and receiver at the same time, if the signal transmitted from the node itself (called signal A) gets looped back into receiver of the same node along with a signal received from a remote IAB node (called signal B), the signal A in its analog form is much stronger than the signal B. Then regardless whether the IAB node is equipped with AGC at receiver side, the limited number of digitizing bits in the analog-to-digital converter (ADC) would make it difficult to digitize both signal A and signal B with sufficient granularity upon the much weaker signal B. Any baseband technology can hardly solve this issue, which means RAN1 can do little for the solution. On the other hand, if it is feasible to separate signal A and signal B in their analog forms (before entering ADC), there is no interaction (such as relating to “FDM/SDM overlapping”) between the two signals. Thus there is no need for RAN1 to work out any solution regarding to FDM/SDM. 
Observation 1: For simultaneous DU-Tx/MT-Rx and simultaneous DU-Rx/MT-Tx, although RAN4 may need to work on the corresponding requirements (up to RAN4), the two full-duplex operations can be considered as implementation issues from RAN1 perspective. 
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According to the discussion above, we provide the following observation and proposals on resource multiplexing of IAB:
Proposal 1: The semi-static resource partitioning scheme similar as Rel-16 mechanism of CU time-domain H/S/NA configuration can be a starting point of resource partitioning scheme in frequency domain.
Proposal 2: For resource configuration in frequency domain for DU, the following types of frequency resources could be configured for each IAB-DU cell:
· Hard: The corresponding frequency resource is available for the IAB-DU
· NA: The corresponding frequency resource is not available for the IAB-DU
· FFS: Whether Soft frequency resource should be configured.
[bookmark: _GoBack]Proposal 3: A frequency resource is equivalent to being configured as hard if it is used to transmit or receive cell-specific/semi-static signals and channels in the frequency resource by DU.
Proposal 4: For multiplexing Case A/B, study of multi-panel IAB nodes operating in unpaired spectrum should be prioritized in Rel-17.
Observation 1: For simultaneous DU-Tx/MT-Rx and simultaneous DU-Rx/MT-Tx, although RAN4 may need to work on the corresponding requirements (up to RAN4), the two full-duplex operations can be considered as implementation issues from RAN1 perspective. 
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