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1 Introduction
The WI on integrated access and backhaul for NR was setup in RAN#82 [1] and the following objective was agreed:

-
Functions on gNB CU-CP for topology, route and resource management [RAN3-led].
-
Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 

In this paper, we will further discuss resource management mechanisms and SSB transmission configurations for IAB node based on RAN1 discussion.
2 Discussion
Semi-static DU resource configuration
Based on the RAN1’s discussion, the time resources for DU are configured by a semi-static manner separately from the configuration of MT part. From the DU point of view, the link towards its child node has the following four types of time resources: Downlink, Uplink, Flexible and Not available time resources. In the RAN1 #97 meeting [3], it was agreed that D/U/F resources were semi-static configured based on the existing Rel-15 TDD-UL-DL-Config RRC configurations and slot format table as much as possible. Besides, enhancement for new slot formats beginning with uplink slots, uplink symbols, or flexible symbols will be introduced for IAB, but whether these slot formats need to be included in the MT RRC configuration is still FFS. Anyhow, semi-static time resource configuration signaling, e.g. F1-AP message, should be introduced to indicate the resource configuration for DU (including the IAB-donor DU and the IAB node DU), and how to indicate new slot formats in F1-AP can be based on the further design principles for MT configuration.

	For the semi-static DU resource configuration, the following is supported:

· The resources are configured on a per DU (cell) basis

· FFS: indication of additional supplemental per-link resource configurations of child DUs 

· Indication of D/U/F resources in the semi-static DU resource configuration includes the following:

· The flexibility to configure all of the slot patterns and formats supported by the existing Rel-15 TDD-UL-DL-Config RRC configurations and slot format table defined in Table 11.1.1-1 in TS38.213
· FFS: additional pattern durations than supported in Rel-15

· FFS: default resources or pattern

· New slot formats defined only for IAB nodes (DU and MTs) which begin with uplink slots, uplink symbols, or flexible symbols.

· Note: usage of these slot formats should be compatible with Rel-15 access UEs sharing the same link

· FFS: whether these slot formats also need to be included in the MT RRC configuration and/or SFI carried on DCI Format 2_0

……

· Details of the F1-AP signaling design is up to RAN3



Proposal 1 RAN3 study the enhancement on F1AP message to configure the semi-static time resource of DU, based on RAN1 progress.
To ensure the successful transmission between IAB nodes in multi-hop scenario, resource configuration between the parent node and an IAB node should be coordinated such that the half duplex constraint is not violated. To be more specific, for a given IAB node, from the DU point of view, the hard time resources are always assumed available for its child links while the MT is not able to transmit or receive on the DU’s hard time resources.
In RAN1 #96bis meeting [2], several solutions were proposed to avoid inter-IAB node conflict and following agreements were achieved:

	Agreements:

· An IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes.

· in the case the full DU resource configuration information of its child IAB nodes is not necessary, ensure that only the necessary configuration information is signaled to the IAB node.

· FFS the necessary configuration information.




If the parent node is aware of semi-static DU resource configurations of its child IAB node DUs, the inter-IAB node conflict can be resolved by scheduling of the parent node. And then the scheduling can be left to the implementation of the parent node. One solution is to introduce explicit signaling (e.g. F1AP signalling) to convey necessary subset resource configuration of its child IAB nodes to the IAB node. However, if the parent node is only aware of a subset of the DU resource configurations of its child IAB node DUs, the details about the DU resource configurations which are included in the subset can wait for RAN1’s further agreements.
Observation 1 Explicit F1AP signaling to convey resource configurations of child IAB node DUs need to be introduced for inter-IAB node conflict resolution.

Another possible solution is that a set of candidate time resources for the child MT are configured by RRC signaling, which is similar as the LTE relay. The MT of child IAB node will be scheduled only in the candidate time resources. Therefore, the candidate time resources of child MT can be orthogonal with the hard time resources of child DU to meet the half duplex constraint.
Observation 2 A set of candidate time resources, which are orthogonal with the child DU’s hard time resources, can be configured for the child MT by RRC signaling to meet the half duplex constraint.
Which solution above will be chosen to inter-IAB node conflict resolution need further agreements from RAN1.
SSB transmission configurations (STC)
Similar to the resource coordination for data transmission, it is determined in a centralized manner for SSB transmission configurations of IAB nodes DU, in order for IAB inter-node measurement and discovery. So far, RAN1 had already reached several agreements on the design of STC. Therefore, enhancement on F1AP message need to be studied in RAN3 to configure the STC for IAB node DU.
Proposal 2 RAN3 study the enhancement on F1AP message to configure the STC of DU, based on RAN1 progress.
	Agreements:

The configurable values of the parameters in STC for IAB node discovery and measurement are provided in the following

· SSB center frequency: 
· ARFCN-ValueNR

· SSB subcarrier spacing: 

· FR1: 15khz, 30khz
· FR2: 120khz, 240khz
· SSB transmission periodicity: 

· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms (agreed in RAN1 #96bis) 

· SSB transmission timing offset in half frame(s)

· [0, … , (number of half frames within SSB transmission periodicity) – 1]

· The index of SSBs to transmit (the SSBs to be transmitted in the half frame)

· Same as Rel-15

· FFS additional parameter(s) other than above

Agreements:

For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4.

· Note: this number does not include the cell-defining SSBs for initial access

Agreements:

Each STC is independently configured when multiple STCs are configured.

· Up to RAN3 to decide that if SSB index is common across two or more STC configurations, whether additional signalling optimization is necessary or not

Agreements:

For IAB node discovery and measurements, the Physical cell-ID (0…1007) is provided in STC and the detailed signaling design is up to RAN3.


3 Conclusion
In this paper, we will further discuss resource management mechanisms for IAB node based on RAN1 discussion, and we propose:

Observation 1 Explicit F1AP signaling to convey resource configurations of child IAB node DUs need to be introduced for inter-IAB node conflict resolution.
Observation 2 A set of candidate time resources, which are orthogonal with the child DU’s hard time resources, can be configured for the child MT by RRC signaling to meet the half duplex constraint.
Proposal 3 RAN3 study the enhancement on F1AP message to configure the semi-static time resource of DU, based on RAN1 progress.
Proposal 4 RAN3 study the enhancement on F1AP message to configure the STC of DU, based on RAN1 progress.
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