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1	Introduction
A work item was approved in RAN#86 ‎[1] (and revised in RAN#88e ‎[2]) for enhancement of integrated access and backhaul (IAB). The following objective was included in the approved work item document:
	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.



In a companion paper [3], we provide our views on specification of simultaneous operation for an IAB-node’s child and parent links. In this paper, we provide our views on specification of other features for multiplexing and duplexing enhanacements.
2	Discussion
2.1	Timing alignment
Several timing alignment cases were identified during the IAB study item (SI) phase:
· Case-1 timing alignment provides timing alignment for downlink transmissions across IAB nodes. This case does not guarantee downlink reception timing alignment for any node and does not specify timing alignment for the uplink. Case-1 was specified during the IAB work item in Rel-16.
· Case-6 timing alignment follows Case-1 for downlink and, furthermore, aligns uplink and downlink transmissions at an IAB node. This case is a main candidate for IAB enhancements in Rel-17.
· Case-7 timing alignment follows Case-1 for downlink and, furthermore, aligns uplink and downlink receptions at an IAB node. This case is another main candidate for IAB enhancements in Rel-17.
· Other timing alignment cases (Case-2/3/4/5) were identified in the SI phase, but they were not agreed to be supported.
Since Case-1 does not specify timing relationships for uplink, IAB nodes in Rel-16 normally follow the legacy timing advance (TA) procedure for uplink transmissions. Except for special cases where upstream and downstream propagation delays are exactly equal, legacy TA results in misalignment between upstream and downstream operations at the symbol level, hence making it unsuitable for FDM/SDM.
Case-6 was proposed in the SI phase to align transmissions between upstream and downstream, hence enabling FDM/SDM between uplink transmissions to a parent IAB node and downlink transmissions to child IAB nodes and/or UEs. Case-7 was proposed to align receptions between upstream and downstream, hence enabling FDM/SDM between downlink receptions from a parent IAB node and uplink receptions from child IAB nodes and/or UEs.
It can be easily shown that in a general multi-hop IAB scenario with arbitrary propagation delays between connected IAB nodes, transmission and receptions cannot all be aligned simultaneously because simply there are not sufficient degrees of freedom. Therefore, applying a transmission timing alignment (Case-6) or reception timing alignment (Case-7) in an IAB node at a time results in misalignment at some other node in the proximity (in a general scenario). Furthermore, provided that signalling is specified to support timing alignment based on Case-6 and Case-7, it can be shown that both cases perform fairly similarly across different scenarios.
Therefore, we propose to specify schemes based on both cases for Rel-17 and leave the application of each scheme to deployments, for example by network configurations.
Proposal 1: Support both transmission timing alignment (Case-6) and reception timing alignment (Case-7) for IAB Rel-17.
Rel-17 IAB nodes will support enhanced timing alignments, which could include schemes based on either or both Case-6 and Case-7. Furthermore, because each scheme favors one node at a time at the cost of possible misalignment at some other node, it is natural for the network to provide timing alignment opportunities for different IAB nodes and/or resources. The schedule of which scheme is applied by which IAB node at what time instance can be provided, for example, by semi-static configurations from the IAB donor and/or by MAC/DCI signaling from the parent IAB node.
Moreover, it is desired to support operation of IAB systems with mixed Rel-16 and Rel-17 IAB nodes. Signaling and application of enhanced timing alignment schemes should therefore be transparent to Rel-16 IAB nodes.
Proposal 2: Support signaling for coordination among IAB nodes to apply enhanced timing alignment schemes.
In order to realize a scheme based on Case-6, an IAB node should align its uplink transmissions with downlink transimssions. Since downlink transmissions are already aligned in Case-6 similar to Case-1, the IAB node needs no additional information to apply Case-6.
However, the IAB node does need additional information for Case-7. Consider the scenario depicted in ‎Figure 1.
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Figure 1 [bookmark: _Ref47535681][bookmark: _Ref47559479][bookmark: _Ref47614243]. Example scenario
The goal is for the parent node (PN) and the child node (CN) to transmit signals simultaneously to the IAB node (N) in a way that symbol boundaries are aligned at N. Given that the downlink transmission from PN to N is already determined in Case-7 similar to Case-1, the only degree of freedom is to adjust the uplink transmission time.
Let us define the following notations:
· : the propagation delay between PN and N
· : downlink transmission time by PN
· : downlink reception time at N from PN
· : the propagation delay between CN and N
· : uplink transmission time by CN
· : uplink reception time at N from CN
[bookmark: _GoBack]A scheme based on Case-7 should set:

This is the transmission timing that should be applied by CN. We can assume that  is already known to CN as Case-1 already aligns all downlink transmission times across PN, N, and CN. However, additional signaling is needed to inform CN of the prorpagation delay term in round brackets. 
Proposal 3: Define signaling to communicate information of the upstream propagation delay to the downstream/child IAB node.
2.2	DL/UL power control
When an IAB node performs simultaneous operations in upstream and downstream through a single antenna panel, power imbalance between the two operations should be maintained within a threshold. If the simultaneous operations are transmissions, the threshold is determined by the dynamic range of the power amplifier. If the simultaneous operations are receptions, the threshold is determined by the resolution of the AGC. In either case, mechanisms for power control are needed to ensure that the stronger signal does not corrupt the weaker signal.
In legacy systems, open-loop and closed-loop power control procedures are specified to ensure balanced received powers from UEs. Since IAB Rel-16 inherits the same procedures, uplink transmit powers of IAB nodes are subject to full control by their respective parent nodes. This, however, can raise issues with simultaneous operation as explained below.
Consider the example scenario illustrated in ‎Figure 1. In that scenario, uplink transmit power of the IAB node (N) is controlled by the parent IAB node (PN). Consider the scenario where PN schedules an uplink transmission from N, and N schedules a simultaneous downlink transmission to the child IAB node (CN). If the instantaneous uplink transmit power by N has a large offset with respect to its target downlink transmit power, N will be compelled to either alter its downlink transmit power or drop the transmission. This may occur because of large power imbalance between upstream and downstream transmissions for N, or because the total transmit power would exceed the maximum transmit power for the IAB node, and so on. However, prior information of the transmit power could help N to decide whether it wants to schedule any simultaneous downstream transmissions in the first place.
A similar issue may be raised for the case of simultaneous receptions. If the IAB node N does not obtain prior knowledge of the received power from its parent node PN, it may not be able to send TPC commands to its child node CN for a simultaneous communication in order to maintain a balanced receive power from PN and CN.
An approach to address the above issues is to introduce signalling that configures power control in a periodic or semi-persistent manner for certain resources, or otherwise provide an early assessment of transmit and receive powers for IAB nodes on those resources, hence allowing the IAB nodes to schedule simultaneous operations and adjust child node transmit powers accordingly. Such signalling can be controlled by the donor IAB-CU and possibly further complemented by lower-layer signalling (e.g., MAC/DCI signaling) that allows IAB nodes to obtain some local control on the configured power adjustments as well.
It should be noted that although an IAB node with multiple antenna panels may have more power control flexibility when multiple operations are performed through multiple panels, considerations such as interference between panels still impose power control restrictions that can be addressed by the above approach.
Proposal 4: Support early power control signaling for simultaneous Tx/Rx operations to avoid prohibitive power imbalance.
[bookmark: p2][bookmark: p3]2.3	Cross-link interference measurements
Cross-link intereference (CLI) management was specified in Rel-16. Two types of CLI measurements were specified: SRS-RSRP and CLI-RSSI. The configurations specified for CLI Rel-16 are essentially periodic, and adjusting for timing offsets are left to implementation.
Given that a typical IAB deployment may allow IAB nodes to be in close proximity compared to a typical cellular system, especially in mobile IAB scenarios where a continuous CLI measurement and a flexible resource allocation for reference signals is needed, several aspects of CLI can be enhanced for application in IAB systems. For example, semi-persistent configurations where IAB nodes can activate or deactivate reference signal transmissions and measurements can be introduced so as to allow multi-hop IAB systems to gain local control over measurements and reporting.
Another aspect to enhance is adjusting for timing offsets. This was agreed to be left to implementation in CLI Rel-16 in order to avoid excessive signaling between cells for timing adjustments. However, since IAB-DUs transmit SS/PBCH blocks (unlike UEs), the timing obtained by receiving the downlink signals can be used to adjust timing, for example, for measuring SRS from the respective IAB-MTs.
Proposal 5: Consider enhancements for improving resource management and timing adjustment for CLI measurements in IAB systems.
3	Conclusions
In this contribution, we discussed other enhancements for simultaneous operation of child and parent links of an IAB-node and made the following proposals:
Proposal 1: Support both transmission timing alignment (Case-6) and reception timing alignment (Case-7) for IAB Rel-17.
Proposal 2: Support signaling for coordination among IAB nodes to apply enhanced timing alignment schemes.
Proposal 3: Define signaling to communicate information of the upstream propagation delay to the downstream/child IAB node.
Proposal 4: Support early power control signaling for simultaneous Tx/Rx operations to avoid prohibitive power imbalance.
Proposal 5: Consider enhancements for improving resource management and timing adjustment for CLI measurements in IAB systems.
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