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1. Introduction
The WI on Rel-17 enhancements to Integrated Access and Backhaul was approved in RP 86 [1], and the WID was revised in RP 88e and RP 91e [2][3]. Since this is the first meeting in RAN4 for RRM related discussion, this paper provide some initial discussion on the potential impact of RRM requirements of the Rel-17 IAB.
2. Discussion
The objective of the WI is shown as follows:
	[bookmark: _Hlk26854989][bookmark: _Hlk26854481]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.

Topology adaptation enhancements [RAN3-led, RAN2]:
1. Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing, including enhancements to reduce signalling load.   
1. Specification of enhancements to reduce service interruption due to IAB-node migration and BH RLF recovery.
1. Specification of enhancements to topological redundancy, including support of CP/UP separation.

Topology, routing and transport enhancements [RAN2-led, RAN3]:
1. Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 

RF and RRM requirements [RAN4-led]:
· Definition of IAB node RF requirements if needed for any Rel-17 extensions.
· Definition of RRM core requirements if needed for any Rel-17 extensions.




The work on Rel-17 IAB has started in RAN1 and RAN2 and some progress has been made. Based on RAN1 progress and status, the discussions mainly focus on the resource multiplexing enhancement, DC scenarios, simultaneous operation and corresponding enabling enhancement including power control, interference management, etc. The latest progress in RAN1 is summarized as follows:

	Resource multiplexing between child and parent links of an IAB node

RAN1#104-bis-e
Agreement
The extension of the semi-static DU resource type indication to frequency-domain resources within a carrier (in addition to existing Rel-16 per-carrier granularity) for H/S/NA resource types is supported

Agreement
Adaptation of an IAB-node’s multiplexing operation is supported. The adaptation may be based on multiple factors, for example (not necessary to support all of the following):
· Resource type (D/U/F) at the IAB-DU and IAB-MT 
· Specific sets of time/frequency resources
· Certain conditions being met (e.g. supported timing modes, power control enhancements (if supported), etc.)
FFS: Mechanisms for informing/coordination the change in multiplexing operation(s) between child and parent nodes (including whether the adaptation is dynamic or semi-static)
FFS: Need for explicit linkage between indicated multiplexing operations and other features/enhancements – e.g. number of required guard symbols, supported timing modes, and power control enhancements (if supported)

Agreement
For the semi-static DU resource configuration in the frequency domain within a carrier, the frequency-domain granularity is configurable
· FFS:  minimum resource size e.g. N PRBs/N RBGs
· FFS: Separate or joint TDM and FDM semi-static DU resource configurations

Agreement
Soft resource availability indications for frequency-domain resources are supported
· FFS enhancements to DCI Format 2_5
· FFS: Separate or joint TDM and FDM indications



Agreement
To facilitate simultaneous operations and interference management, dynamic indication for restriction/usage/availability of beams (in upstream and/or downstream directions) is supported
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Whether IAB-specific enhancements beyond the existing beam management framework are needed to the support the functionality
· FFS: Impact on the semi-static resource configurations (e.g., extending the H/S/NA resource attributes to the spatial domain)
· FFS: Whether panel-based granularity is additionally supported

Agreement
The following enhancements to support intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios are considered (in addition to reusing solutions for inter-band dual connectivity) to support simultaneous Tx and/or Rx at the child IAB-MT to/from both parent links:
· Extending the Rel-16 CA TDD conflict resolution framework for synchronous intra-band NR-DC operation
· Coordinating TDD configurations for the parent nodes (for both intra-donor and inter-donor operation) and coordinating H/S/NA configurations for the child node between donors (at least for inter-donor operation)

Simultaneous operation
RAN1#104-e
Agreement
Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment
Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes
Agreement
RAN1 to further study whether the legacy UL power control mechanism (including PHR) is sufficient for an IAB-node operating in an enhanced multiplexing mode.
· FFS: if not (i.e., the legacy mechanism is not sufficient), support an IAB-node indicating information to assist with its UL power control.
Support an IAB-node indicating information to assist with the DL power control of its parent-node towards the IAB-node without mandating an expected behavior at the parent node.
· Note: At least the assistance information is for supporting the simultaneous operation within the IAB-node to avoid power imbalance
· FFS: type of assistance information (e.g., desired received power, power adjustment, preferred CSI-RS resource)
· FFS: whether this information is provided to the parent-node, the CU, or both.
· FFS: applicability of the assistance information (e.g. relation to beams or multiplexing modes)
· FFS: the channel carrying this assistance information
Conclusion
In Rel-17, RAN1 will not specify specific mechanisms for intra-IAB-node interference (self-interference) management. 
· Self-interference can be handled by the implementation or via using the available techniques defined, or to be defined in Rel-17, that can commonly be used for other interference scenarios as well. 
Agreement
RAN1 to select among the following options to support DU-to-DU measurement and report.
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 1.2. enhanced legacy DU-based measurement procedures (e.g., enhanced Rel-16 RIM)
· Option 1.3. enhanced MT-based measurements (e.g., MT-based CLI, MT RRM measurements)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 2.2. enhanced legacy DU-based report (e.g., enhanced Rel-16 RIM)
· Option 2.3. enhanced MT-based report (e.g., MT-based CLI, MT RRM measurements)

Agreement
RAN1 to decide whether to enhance interference mitigation through information exchange to support beam-management at the parent or child node in RAN1#104bis-e
· FFS: reporting of desired beams for reception in DL or desired beams for transmission in UL by the IAB node for a given multiplexing mode
· FFS: indicating applicable beams in DL or beams in UL for a given multiplexing mode.




For resource multiplexing enhancement, it could be observed that the framework is not concrete enough currently in RAN1 with still a lot issues to be further studied, e.g. supporting of intra/inter donor scenarios, DC operation. Thus, current the impact on RRM requirements could not be clearly identified. 
Observation 1: Regarding the RRM impact of resource multiplexing enhancement, whether there is RRM impact is not clear and RAN4 should wait for RAN1 and RAN2 progress before proceeding.
For simultaneous operation, based on RAN1 progress and status, cases are more complicated. Four cases are considered for the simultaneous operation to improve the system throughput (MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx), among which simultaneous RX (case 2) and Tx (case 1) are mainly discussed. And to enable the simultaneous operation, case 6 and case 7 timing are considered apart from case 1 timing. To enable the case 2 simultaneous operation where IAB-MT and IAB-DU can simultaneously receive in upstream and downstream, case 7 timing should be supported that UL reception timing of an IAB-node can be aligned with the IAB-node's DL reception timing. According to RAN1’s agreement in RAN1#104-e, Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment. To enable the case 1 simultaneous operation where IAB-MT and IAB-DU could simultaneously transmit. Case 6 timing it considered that the UL transmission timing of an IAB-node can be aligned with the IAB-node's DL transmission timing. And according to RAN1’s agreement in RAN1#103-e, Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for. Based on the current status, there could be impact on timing related requirements of Rel-17 IAB. However, the concrete framework is needed before RAN4 could proceed the corresponding works. For instance, how Case 6 and Case 7 timing could work is still not clear including whether the original TA mechanism is sufficient and whether and how to switch between different timing mode. 
Observation 2: There may be RRM impact on timing requirements to enable the simultaneous operation for Rel-17 IAB, and RAN4 should wait for RAN1 and RAN2 progress before proceeding
To enable the simultaneous operation, RAN1 is also considering the interference management. Based on the agreements in RAN1#104-e, RAN1 will not specify intra-IAB-node interference management (self-interference), which is mainly for simultaneous MT-RX/DU-TX and MT-TX/DU-RX. The interference management for inter-IAB scenarios including MT to MT, DU to DU, DU to MT and MT to DU. RAN1 is still discussing whether to utilizing the legacy Rel-16 interference management approach (e.g. CLI) or considering enhancement on resource and beam coordination techniques to mitigate/avoid interference. 
Observation 3: The framework of interference management is still under discussion in RAN1.
Based on the analysis above and the status in RAN1 and RAN2 discussion, more RAN1 and RAN2 input and more concrete framework of the enhancement in Rel-17 are needed to identify the corresponding RRM impact. 
Proposal 1: RAN4 to further investigate the RRM impact of simultaneous operation and interference management with more RAN1 inputs.
3. Conclusions
Observation 1: Regarding the RRM impact of resource multiplexing enhancement, whether there is RRM impact is not clear and RAN4 should wait for RAN1 and RAN2 progress before proceeding.
Observation 2: There may be RRM impact on timing requirements to enable the simultaneous operation for Rel-17 IAB, and RAN4 should wait for RAN1 and RAN2 progress before proceeding
Observation 3: The framework of interference management is still under discussion in RAN1.
Proposal 1: RAN4 to further investigate the RRM impact of simultaneous operation and interference management with more RAN1 inputs.
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