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1 Introduction

A new work item on “Enhancements to Integrated Access and Backhaul for NR” was approved in RAN#86 [1]. One of main objectives in the work item is to specify enhancements to the resource multiplexing between child and parent links of an IAB node as follows: 
· 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.

In this contribution, we discuss simultaneous operation of IAB node’s child and parent link and support of dual-connectivity scenarios.
2 Discussion 
2.1 Simultaneous operation of child and parent links of an IAB node
The support of the simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Rx/DU Rx, MT Tx/DU Rx, MT Rx/DU Tx) using SDM/FDM is one of the key Rel-17 IAB work item objectives. For Rel-16 IAB, the main focus for specification support was for TDM based operation between the child and parent links. In addition, as RAN3 already agreed for IAB-DU features, by OAM configuration, IAB nodes can handle simultaneous operation (“TDM not required” mode). For TDM not required mode of operation, it is up to each vendor to implement proper interference suppression/cancellation features within the IAB node for simultaneous operation. In other words, there is no specification support for the handling of simultaneous operation in Rel-16. Rel-17 IAB will address this aspect by providing specification supports for simultaneous operation under the assumption that FDM or SDM will be used to multiplex the child and parent links.
Resource configuration
One aspect to consider for the support of simultaneous operation is how the resources are configured and managed for the child link and parent link in case of such simultaneous operation. In Rel-16, a new slot format “U-F-D” was introduced to address the case where an IAB node is

· Simultaneously transmitting on both child and parent link
· Or simultaneously receiving on both child and parent link

As far as whether further resource configurations are required to support the full suite of simultaneous operations of child and parent links (i.e., MT Tx/DU Tx, MT Rx/DU Rx, MT Tx/DU Rx, MT Rx/DU Tx), the necessity is unclear at this point. In our opinion, there is no need for further specification support in terms of resource configuration in Rel-17 IAB.
Observation 1: There is no need for further specification support in terms of resource configuration in Rel-17 IAB in order to support simultaneous operation in child and parent link.
Interference situations for simultaneous operations

Besides resource configuration, another important aspect that needs consideration in supporting simultaneous operation is the handling of various interference situations. Although the IAB node might try to isolate the signals on the child and parent link from each other by using FDM or SDM, in some situation, residual interference could flow on to the receiver of either DU or MT and then cause severe performance deterioration. The kind of interference one can expect for simultaneous transmission and/or reception of an IAB-node’s child and parent links depends first on the signal directions (Tx or Rx) at DU and MT. The following table summarizes the four different interference situations that can occur during simultaneous operation.
Table 1: Interference situations in each simultaneous operation.
	Simultaneous operations
	Type of interference on IAB node receiver
	Interference power level
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Case#1: MT Tx/DU Tx

TX Power TX Power


	No interference on IAB node receiver
	No applicable
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Case#2: MT Rx/DU Rx

RX Power RX Power

Interference

Interference


	Received signals for MT and DU interfere with each other
	Depends on received signal strength at MT and DU
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Case#3: MT Tx/DU Rx

Interference


	Transmitted signal at MT interferes with received signal at DU
	Very high interference from transmitter to receiver depending on the transmission power level of MT
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Case#4: MT Rx/DU Tx

TX Power

RX Power

Interference


	Transmitted signal at DU interferes with received signal at MT
	Very high interference from transmitter to receiver depending on the transmission power level of DU


From receiver implementation point of view, Case#1 and Case#2 are not that challenging. There is no receiver operation for interference handling in Case#1 and therefore the interference handling of any sort is not required at the IAB node. For Case#2, although there might be mutual interference between the two received signals, it is not much different from what we have today for a multi-layer MIMO receiver. The two critical cases that should be considered under this work item are Case#3 and Case#4. In both cases, the transmitted signals from the IAB node cause interference on the received signals. 
In addition to the interference situations depending on the direction of how the transmissions are being made at the MT and DU, another aspect that impacts the interference level is whether or not the signals on child and parent links overlap or not. Assuming that FDM and/or SDM are being used to isolate the signals on the child and parent links from each other, the following is possible for Case#3 and Case#4:
· Non-overlapping frequency resources for child and parent links
· Partially overlapping frequency resources for child and parent links
· Fully overlapping frequency resources for child and parent links
The following figure summarizes the three different interference situations due to whether or not there is frequency overlapping.
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Figure 1: Interference situations depending on frequency overlapping for TX and RX.
One might think that if non-overlapping frequency resources are used for the child and parent links, there would not be any interference. However, this is not the case in real life. Due to the fact that a radio signal can never be filtered perfectly, there is always residual leakage going outside the intended frequency resources. Filtering/windowing could suppress this leakage in the order of tens of dB. However, for Case#3 and Case#4, this interference impacts the received signal which has been attenuated by the wireless channel far more severely. Therefore, unless sufficient interference handling is implemented at the IAB node to handle the interference from the transmitting link, receiving the other link simultaneously would not be feasible.
Observation 2: Without sufficient interference handling between the parent and child link for Case#3 and Case#4, simultaneous operation is not feasible.

Interference handling for simultaneous operations
For Case#3 and Case#4 regardless of SDM or FDM in the same band, non-negligible Tx to Rx coupling interference (also a.k.a self-interference in some literatures) happens due to the close proximity of DU and MT antennas of an IAB node. The magnitude of this interference depends on Tx power, antenna coupling distance, antenna placement/orientation, and reflective paths from surrounding objects etc. Unless this interference is suppressed or cancelled to a level that is close to the noise floor at the receiver, Rx performance will be severely impacted such that simultaneous operation is not feasible.

In general, if DU and MT antennas can be physically separated by a certain distance, strong coupling interference could be avoided to some extent. Of course, physical isolation of the DU and MT antennas alone might not be enough to fully address the interference between the child and parent links. However, with proper isolation, saturation of receiver could be avoided so that other additional means of interference handling could be employed. For example, since the IAB node has access to the signal that it is transmitting, it could reconstruct the interfering TX signal and use it for interference cancellation. Of course, this would be possible only if an accurate near-field channel estimation is possible. In order to do so, one way could be to have the received signal and interfering transmit signal be aligned within a CP duration so that DMRS based accurate channel estimation could be possible.
Observation 3: For Case#3 and Case#4, physical isolation of DU and MT antennas could contribute in interference handling. However, physical isolation alone might not be enough and additional mechanisms could be necessary.
It should be also noticed that with Rel-16 IAB specification, timing misalignment beyond CP between DU Tx and MT Rx (or DU Rx and MT Tx) of the same IAB node may happen in some deployment scenarios (e.g. >170 meters inter-IAB distance for 120kHz SCS configuration case) resulting in ISI and consequently ICI which could obstruct frequency-domain processing. 
One example of timing misalignment is given in Figure 2. According to timing that has been supported in Rel-16 IAB, DL Tx timing alignment across IAB-nodes and IAB-donors has to be ensured. Therefore, the DL Rx timing in parent link of IAB 1 falls behind Tx timing of child link of IAB 1, due to propagation delay between IAB-donor and IAB 1. With such timing ensuring non-contaminated RS for near field channel estimation becomes very difficult. RAN1 should study how this aspect should be addressed in the course of their work to specify Rel-17 IAB. Although the actual interference suppression/cancellation mechanism should fall under the responsibilities of each company’s implementation, RAN1 should provide features in Rel-17 that allows such mechanism to work properly.
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Figure 2: One example of timing misalignment for MT Rx and DU Tx.
Observation 4: Without proper time alignment of child link and parent link, ISI/ICI could obstruct frequency domain processing. 

Proposal 1: For simultaneous operations of an IAB node with benefits of spectral efficiency and latency, RAN1 should provide spec. supports to allow efficient operations considering implementation limitations such as near-field channel estimation for interference handling.
2.2 Support of dual connectivity scenarios
Regarding support for dual-connectivity scenarios, one of issues to be discussed is what dual connectivity scenarios should be targeted. In RAN2, the followings have been agreed regarding dual connectivity scenarios in Rel-16:
	RAN2#105b Agreements

· R2 assumes that the NR DC framework (e.g. MCG SCG related procedures) is used to configure dual radio links used as IAB bh links with two parent nodes

RAN2#106 Agreements

· In Rel-16, the d’ option is supported

Note: In option d, IAB-node MR conducts NR DC with two parent nodes at different IAB-donors. In option d’, IAB-node MR conducts NR DC to two parents nodes underneath the same IAB-donor.  


According to the agreements by RAN2, only d’ option (with two parent nodes at same IAB donor) is supported in Rel-16. Therefore, as a baseline, RAN1 should consider dual connectivity scenarios with two parent nodes under same IAB-donor in Rel-17.
Proposal 2: As a baseline, consider dual connectivity scenarios with two parent nodes under same IAB-donor in Rel-17.
Another issue is about how to apply resource allocation rules defined for IAB MT in Rel-16. In Rel-16, many signalings for resource allocation of IAB MT have been defined e.g., RRC signaling from CU to IAB MT, MAC-CE signaling between IAB MT and parent/Donor DU. Taking into account IAB MT supporting dual connectivity is required to have a capability of communicating with both parent IABs corresponding to MCG and SCG which is similar to Rel-16 NR UEs supporting dual connectivity, it should be clarified whether or not separate signaling between IAB MT and different parent IABs are necessary and then our initial view is provided in the below Table 2:
Table 2. Views on whether or not separate signaling for IAB MT is necessary.
	Signaling to IAB MT
	Whether or not separate signaling is necessary
	Reason

	SSB reception configuration
	No
	SSB reception for inter-IAB node discovery is necessary only for IAB MT communicate with a parent IAB corresponding to MCG

	RACH configuration
	Yes
	RACH configurations from two parents may be different 

	Guard symbol configuration
	Yes
	MT scheduling timings from two parents may be different 

	Slot configuration 
	Yes
	MT resource configuration from two parents may be different

	Availability configuration
	No
	DU related configuration may be transmitted from a parent IAB corresponding to MCG


Proposal 3: Discuss whether or not separate signaling between IAB MT and different parent IABs are necessary in Rel-17.
The last issue is that how to solve scheduling collision between MCG and SCG under half-duplex constraint. Basically, MCG and SCG can schedule child IAB independently and then some collisions may happen when MCG and SCG schedule different directions for the child IAB. For example, when MCG schedules DL reception and SCG scheduled UL transmission, the child IAB should select one of them to satisfy the half-duplex constraint. Therefore, how to address the issue should be further discussed.

Proposal 4: Discuss how to address scheduling collision issues for child IAB between MCG and SCG.
3 Conclusions 

This contribution discusses simultaneous operations of IAB node’s child and parent link and support of dual-connectivity scenarios and then proposes the following depending on the discussion:
Observation 1: There is no need for further specification support in terms of resource configuration in Rel-17 IAB in order to support simultaneous operation in child and parent link.
Observation 2: Without sufficient interference handling between the parent and child link for Case#3 and Case#4, simultaneous operation is not feasible.
Observation 3: For Case#3 and Case#4, physical isolation of DU and MT antennas could contribute in interference handling. However, physical isolation alone might not be enough and additional mechanisms could be necessary.
Observation 4: Without proper time alignment of child link and parent link, ISI/ICI could obstruct frequency domain processing.
Proposal 1: For simultaneous operations of an IAB node with benefits of spectral efficiency and latency, RAN1 should provide spec. supports to allow efficient operations considering implementation limitations such as near-field channel estimation for interference handling.
Proposal 2: As a baseline, consider dual connectivity scenarios with two parent nodes under same IAB-donor in Rel-17.
Proposal 3: Discuss whether or not separate signaling between IAB MT and different parent IABs are necessary in Rel-17.
Proposal 4: Discuss how to address scheduling collision issues for child IAB between MCG and SCG.
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