


[bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #103-e	R1-2009220
e-Meeting, October 26th – November 13rd, 2020
[bookmark: Source]Agenda item:	8.10.1
Source: 	ETRI
Title:	Discussion on IAB resource multiplexing enhancements
Document for:	Discussion/Decision
Introduction
With the completion of the Rel-16 WI for NR IAB, the NR IAB features were included as part of the Rel-16 specifications released in January 2020. As agreed in RAN1#99 meeting [1], in the Rel-16 NR IAB specifications, TDM between MT and DU of an IAB-node is the basic behavior, which means no simultaneous operation is not defined.
Meanwhile, since RAN1#102-e meeting on August, Rel-17 WI for NR IAB has been initiated to focus on the enhancements to various technical aspects specified in the WID [2], and among various technical aspects to be enhanced within the WI, duplexing enhancement is the main standardization item led by RAN1 and entails the detailed objectives of developing:
· 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.
In the RAN1#102-e meeting, the following agreements on resource multiplexing were made:
	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 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 


In this contribution, we would like to discuss NR IAB resource multiplexing related to the above agreements mainly in the following aspects:
· Part of possible combinations of resource multiplexing configurations between child and parent links of an IAB node, and 
· relevant technical challenges and specification impact from interference and performance perspectives.

Discussion
Rel-16 NR IAB
In NR IAB, as illustrated in Figure 1, possible resource multiplexing options of wireless channel resources (time, frequency, and space) configured for parent and child links of an IAB node include 
· Orthogonal (non-overlapping channel resources without reuse), 
· Partial reuse (partially-overlapping channel resources), and
· Full reuse (fully-overlapping channel resources).
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[bookmark: _Ref47562557]Figure 1 Possible multiplexing options of wireless resources for parent and child links of an IAB node.
However, according to the aforementioned agreement on the multiplexing capability that was made in RAN1#99 meeting [1], in Rel-16 NR IAB, TDM between MT and DU of an IAB-node is the basic behavior. In other words, only orthogonal time resource multiplexing is supported for parent and child links of an IAB node. In Rel-16 NR IAB, half-duplexing refers to
· No simultaneous DU transmission (downlink) and MT reception (downlink), or
· No simultaneous DU reception (uplink) and MT transmission (uplink).
The main purpose of the half-duplexing in Rel-16 NR IAB was to prevent intra-node interference (a.k.a. self-interference) due to the full-duplexing (DU-TX/MT-RX or MT-TX/DU-RX) when the child and parent links (fp and fc) of an IAB node operate in fully or partially overlapping frequency bands as illustrated in Figure 2.
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[bookmark: _Ref47645552]Figure 2 Intra/Inter-node interference due to full-duplexing IAB.

Enhancements to resource multiplexing for Rel-17 NR IAB
In Rel-17, to further increase spectral efficiency and reduce latency, the support of SDM/FDM-based resource management through simultaneous transmissions and/or reception at IAB-nodes, applicable to FR1 and FR2, is considered. As illustrated in Figure 3, simultaneous operations (transmission and/or reception) of IAB-node’s child and parent links that are considered in Rel-17 NR IAB include “MT-TX/DU-TX”, “MT-TX/DU-RX”, “MT-RX/DU-TX”, and “MT-RX/DU-RX”.
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[bookmark: _Ref47645583]Figure 3 Multiplexing capability not supported in NR Rel-16 specifications.

In the following subsections, we discuss two following possible combinations of resource multiplexing configurations between child and parent links of an IAB node based on the four options in Figure 3
· IAB node configured by MT-TX/DU-RX (option 2) and MT-RX/DU-TX (option 3), and
· IAB node configured by MT-TX/DU-TX (option 1) and MT-RX/DU-RX (option 4),
and provide our views on each combination.

IAB node configured by MT-TX/DU-RX (option 2) and MT-RX/DU-TX (option 3)
When an IAB node is configured by MT-TX/DU-RX and MT-RX/DU-TX for two time instances (e.g., slots), t1 and t2, in unpaired spectrum, non-overlapping frequency channel allocations illustrated in Figure 4 has little specification impact owing to no intra and inter-node interferences. For the support of fully or partially overlapping frequency channel allocation, it is necessary to thoroughly investigate possible solutions for suppressing intra-node interference at the IAB node and decide whether to support the configuration with the channel allocation. From our perspective, however, since implementation of suppressing intra-node interference to the same signal level of received signal at the IAB node is highly complicated, the support of configuration with two non-overlapping frequency channel allocations should be prioritized unless a feasible solution for intra-node interference suppression/cancellation is identified.
Observation 1: Unless a feasible solution for intra-node interference suppression/cancellation is identified, support of MT-TX/DU-RX or MT-RX/DU-TX with two non-overlapping frequency channel allocations should be prioritized rather than the fully or partially overlapping frequency channel allocation.
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[bookmark: _Ref47645648]Figure 4 MT-TX/DU-RX (option 2) and MT-RX/DU-TX (option 3) in unpaired spectrum.

In paired spectrum, uplink and downlink use two different frequency bands that are separated or adjacent to each other. In this case, for an IAB node configured by MT-TX/DU-RX and MT-RX/DU-TX, if the downlink and uplink of the parent node use the same frequency bands as the downlink and uplink of the child node, respectively, intra-node interference occurs at the IAB node, which seriously degrades the performance. Therefore, as illustrated in Figure 5, configuring the downlink and uplink of the parent node to use the same frequency bands as the uplink and downlink of the child nodes, respectively, can be considered as an alternative, which can greatly reduce the intra-node interference. If the two bands are sufficiently separated as illustrated in the figure, there will be no intra-interference at the IAB node. It is also note that the channel allocation between  and  and between  and  can be configured to one of the options in Figure 1. In addition, it is important to note that MT-TX/DU-RX and MT-RX/DU-TX can be done simultaneously, which is the best configuration for MT-TX/DU-RX and MT-RX/DU-TX in paired spectrum from the resource utilization efficiency perspective.
Proposal 1: For MT-TX/DU-RX and MT-RX/DU-TX in paired spectrum, we propose considering the configuration of an IAB node in which the opposite directions of the parent and child nodes use the same frequency bands and discussing relevant specification impacts.
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[bookmark: _Ref47645668]Figure 5 MT-TX/DU-RX (option 2) and MT-RX/DU-TX (option 3) in paired spectrum.
IAB node configured by MT-TX/DU-TX (option 1) and MT-RX/DU-RX (option 4)
For the configuration of MT-TX/DU-TX and MT-RX/DU-RX in unpaired spectrum illustrated in Figure 6, among the channel configurations, the fully overlapping frequency channel allocation can be a feasible and the best configuration as long as the cross-link interference due to the simultaneous reception at the IAB node or at the parent and child nodes can be sufficiently suppressed by interference mitigation techniques, for instance, a scheme similar to MU-MIMO, i.e., SDM of downlink/uplink and uplink/downlink transmission of an IAB node. In this case, in order for the time difference of MT-TX and DU-TX signals received at a parent/child node (and the time difference of MT-RX and DU-RX signals received at an IAB node) to be smaller than the CP duration, which allows the receivers to further employ the receiver technique to suppress the interference, a new timing adjustment mechanism is required for the simultaneous reception at the IAB node. This might be a critical issue in the FR2 where the CP duration is relatively small.
Proposal 2: We propose studying the support of MT-TX/DU-TX and MT-RX/DU-RX with fully-overlapping frequency band and the feasibility and specification impact including necessary interference management mechanisms and new timing adjustment mechanisms.
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[bookmark: _Ref47645747]Figure 6 MT-TX/DU-TX (option 1) and MT-RX/DU-RX (option 4) in unpaired spectrum.

As can be seen from Figure 7, in the case of paired spectrum, the best configuration, where the opposite directions of the parent and child nodes use the same frequency, is exactly same as the best configuration of MT-TX/DU-RX and MT-RX/DU-TX in paired spectrum in Figure 5.
Observation 2: In paired spectrum case, the best configuration of MT-TX/DU-TX and MT-RX/DU-RX is the same as the best configuration of MT-TX/DU-RX and MT-RX/DU-TX.
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[bookmark: _Ref47645769]Figure 7 MT-TX/DU-TX (option 1) and MT-RX/DU-RX (option 4) in paired spectrum.

Comparison with Rel-16 NR IAB resource multiplexing
In this subsection, the above possible resource multiplexing configurations are compared with the existing TDM-based resource multiplexing configurations in Rel-16 NR IAB. Table 1 summarizes the resource efficiency of resource multiplexing configurations, and  and  in the table represent frequency and time resource efficiencies, respectively. 
[bookmark: _Ref47640792]Table 1 Comparison of resource multiplexing for unpaired spectrum
	No.
	Multiplexing b/w MT & DU of an IAB node
	
	
	
	Interference

	1
	MT-TX/DU-RX and MT-RX/DU-TX
in unpaired spectrum (Figure 4)
	
	
	
	Intra-node
interference

	2
	MT-TX/DU-RX and MT-RX/DU-TX
in paired spectrum (Figure 5)
	
	
	
	Cross-link
interference

	3
	MT-TX/DU-TX and MT-RX/DU-RX
in unpaired spectrum (Figure 6)
	1
	
	
	Cross-link
interference

	4
	MT-TX/DU-TX and MT-RX/DU-RX
in paired spectrum (Figure 7)
	
	
	
	Cross-link
interference

	5
	Rel-16 NR IAB half-duplex
in unpaired spectrum (figure below)
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	6
	Rel-16 NR IAB half-duplex
in paired spectrum (figure below)
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From the table, we can see that the four possible configurations discussed in the previous section are capable of achieving the maximum total resource efficiency of  and are superior to the existing TDM-based configurations in Rel-16 NR IAB. However, the first multiplexing configuration with the maximum resource efficiency may be affected by the serious intra-node interference. Therefore, it is proposed that the remaining configurations be considered as higher priority than the first configuration.
Proposal 3: It is proposed that the resource multiplexing configurations other than “MT-TX/DU-RX and MT-RX/DU-TX in unpaired spectrum” be considered as higher priority.

Conclusion
This contribution has presented some issues related to NR IAB resource multiplexing enhancements, and made the following observation and proposals.
Observation 1: Unless a feasible solution for intra-node interference suppression/cancellation is identified, support of MT-TX/DU-RX or MT-RX/DU-TX with two non-overlapping frequency channel allocations should be prioritized rather than the fully or partially overlapping frequency channel allocation.
Observation 2: In paired spectrum case, the best configuration of MT-TX/DU-TX and MT-RX/DU-RX is the same as the best configuration of MT-TX/DU-RX and MT-RX/DU-TX.
Proposal 1: For MT-TX/DU-RX and MT-RX/DU-TX in paired spectrum, we propose considering the configuration of an IAB node in which the opposite directions of the parent and child nodes use the same frequency bands and discussing relevant specification impacts.
Proposal 2: We propose studying the support of MT-TX/DU-TX and MT-RX/DU-RX with fully-overlapping frequency band and the feasibility and specification impact including necessary interference management mechanisms and new timing adjustment mechanisms.
Proposal 3: It is proposed that the resource multiplexing configurations other than “MT-TX/DU-RX and MT-RX/DU-TX in unpaired spectrum” be considered as higher priority.
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