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Introduction
In RAN1#94 [1] and RAN1#94bis [2], the following agreements on TDM/FDM/SDM access and backhaul traffic multiplexing were reached  :
Agreements:
· Semi-static (on the timescale of RRC signaling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 
· The following aspects should be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signaling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB nodes
· Exchange of topology related information (e.g. hop order) impacting RAN1 study
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination
Agreements:
From an MT point-of-view, the following time-domain resources can be indicated for the parent link:
· downlink time resource,
· uplink time resource, 
· flexible time resource 
as in release 15.
From a DU point-of-view, the child link has the following types of time resources
· downlink time resource,
· uplink time resource, 
· flexible time resource 
· not available time resources (not to be used for communication on the DU child links) 
Exact configuration for DU is FFS
Agreements:
· For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link 
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.

In this contribution, we consider a unified mechanism to implement resource coordination between the DU and MT parts within an IAB node, and also between different nodes in the IAB network.
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Figure 1: Link terminology in the IAB network.
Terminology used in this contribution:
· DL parent backhaul: LP,DL, the downlink from the parent node to the IAB node (IAB node DL reception);
· UL parent backhaul; LP,UL, the uplink from the IAB node to the parent node (IAB node UL transmission);
· DL child backhaul: LC,DL, the downlink from the IAB node to a child (IAB) node (IAB node DL transmission);
· UL child backhaul: LC,UL, the uplink from a child IAB node to the IAB node (IAB node UL reception);
· DL access: LA,DL, the downlink to a UE served by the IAB node (IAB node DL transmission);
· UL access: LA,UL, the uplink from a UE served by the IAB node (IAB node UL reception);
· Child links: include both child backhaul links (LC,DL/LC,UL) and access links (LA,DL/LA,UL) under an IAB node.
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For NR Release 15, three signaling mechanisms are available for the indication of transmission direction of different time resources on the access link:
· RRC signaling can semi-statically configure a resource to be available for downlink only (DL resource), for uplink only (UL resource) or for downlink and uplink (Flexible (FL) resource) 
· The Slot Format Indicator (SFI) can dynamically constrain a resource that is semi-statically configured as flexible to be available for downlink only or for uplink only. The SFI is primarily relevant to temporarily inhibit non-scheduled transmissions such as CSI-RS (DL) and SRS (UL). 
· For scheduled transmissions, the instantaneous transmission direction for resources configured as flexible is dynamically determined by the downlink scheduling assignments and uplink scheduling grants provided by means of DCI from the serving cell.
For an IAB node, the same mechanisms can be assumed for the control of the transmission direction of different time resources from an MT point of view, in line with the agreement of RAN1 #94b.
In addition, from a DU point-view, i.e. for the child links of an IAB node, a time-domain resource should be possible to semi-statically configure as 
· Downlink (DL), implying a resource on which the DU may carry out downlink transmission but not schedule uplink transmission
· Uplink (UL), implying a resource on which the DU may schedule uplink transmission but not carry out downlink transmission
· Flexible (FL), implying a resource on which the DU may carry out downlink transmission and schedule uplink transmission 
· Not-available (NA), implying a resource on which the DU may neither carry out downlink transmission nor schedule uplink transmission 
The above DU configuration can be assumed to be carried out by the CU at the IAB donor using F1 signaling.
The fundamental reason for semi-static configuration of a DU according to above is to coordinate the scheduling between different IAB nodes, for example, to mitigate undesirable cross-link interference between IAB nodes. 
However, the DU possibility to transmit and/or schedule uplink transmission on a given time resource is also impacted and constrained by the configuration of the IAB node MT part (DL/UL/FL),  the dynamic downlink/uplink scheduling of the MT and the IAB-node capabilities in terms of, for example, full-duplex operation and FDM/SDM between backhaul and child links. 
As an example, within a resource configured as DL from both the MT and DU point-of-views, an IAB node not capable of full duplex can clearly not carry out simultaneous MT reception and DU transmission. Like-wise, in a resource configured as UL from the MT point-of-view and DL from the  DU point-of-view, an IAB node not capable of transmitter-side FDM/SDM between backhaul and child links cannot carry out simultaneous MT and DU transmission. 
Thus, there is a need to understand/specify the DU behavior in terms of downlink transmission and/or scheduling of uplink transmission for a given MT DL/UL/FL configuration. This should take the possibility for different capabilities in terms of duplex and FDM/SDM into account in such a way that efficient IAB operation is enabled both in the presence and lack of such capabilities.
Full-duplex capability can typically be seen as a IAB-node-specific attribute, i.e. an IAB node is either capable of full-duplex operation or not capable of full-duplex operation. In principle, the full-duplex capability could thus be taken into account in the semi-static IAB-node configuration, assuming that the CU has knowledge of the full-duplex capability of  the IAB nodes directly or indirectly served by the IAB donor node. 
On the other hand, FDM/SDM capability, i.e. possibility of FDM/SDM between a parent link and a child link, should be seen as a dynamic capability that, for example, may depend on the specific child link. Just as an example, an IAB node may be capable of FDM/SDM between the parent link and a child link if and only if the two links are using different antenna panels within the IAB node. 
On a high level one can envision two alternative principles guiding the specification of DU behavior in terms of transmission on the child links. :
· DU has priority, i.e. child-link transmission (downlink or uplink) can always be carried out within the constraints of the DU DL/UL/FL/NA configuration even if it, for example, negatively impacts or even prevents scheduled or non-scheduled MT reception/transmission that is in-line with the MT configuration. This is inline with the agreed concept of “hard” DU resources (“always available for the DU child link”)
· MT has priority, i.e., child-link transmission in line within the constraints of the DU DL/UL/FL/NA configuration should only be carried out if it does not impact the MT ability for scheduled or non-scheduled reception/transmission in line with the MT configuration. This is more inline with the agreed concept of “soft” DU resources. 
In more details we propose the following (also summarized in Table 1 below):
Assume that, for a given IAB node, a certain resource is configured as DL from the MT point-of-view. The DU may then transmit in the corresponding resource under the condition that: 
· the resource is configured as DL-H(ard) or FL-H(ard) from the DU point-of-view
OR
· the resource is configured as DL-S(oft) or FL-S(oft) from the DU point-of-view and the DU transmission can be carried out with no impact on the MTs ability to receive parent-node downlink transmissions targeting the MT.
Note that the last part of the second condition (“transmission can be carried out without impacting the MTs ability to receive transmissions targeting the MT”) can be fulfilled in different ways:
· The IAB node could be capable of full-duplex operation
· The MT configuration in terms of search space, measurements, etc. could be such that there is no downlink transmission that the MT needs to receive despite the fact that the resource is configured as DL from the MT point-of-view
· There may be explicit (to be decided/defined) parent-node signaling indicating to the IAB node that the downlink resource is released from the MT and thus available for DU downlink transmission despite the lack of full-duplex capability. 
Likewise, the DU may schedule uplink transmissions in resources corresponding to downlink resources from an MT point-of-view under the condition that 
· the resource is configured as UL-H(ard) or FL-H(ard) from the DU point-of-view
OR
· the resource is configured as UL-S(oft) or FL-S(oft) from the DU point-of-view and the scheduling of an uplink transmission on the child link does not impact the MTs ability to receive parent-node downlink transmissions targeting the MT
The last part of the second condition can be fulfilled in the same ways as for the DU transmission case, see above, except that the full-duplex capability would be replaced by the possibility for receiver-side FDM/SDM between the backhaul and child links. Note that, as already mentioned above, in the general case this is a dynamic capability that may, for example, depend on the specific child link.
Similar conditions can be outlined regarding the DU transmission/reception behavior within a resource configured as uplink from an MT point-of-view.
The DU may transmit in such a resource under the condition that 
· the resource is configured as DL-H or FL-H from the DU point-of-view
OR
· the resource is configured as a DL-S or FL-S from the DU point-of-view and the DU transmission can be carried out without impacting the MTs ability to carry out explicitly or implicitly scheduled uplink transmissions within the corresponding MT resource 
In this case, the last condition implies that the DU may transmit if it is capable of simultaneous transmission (transmitter side FDM/SDM) between parent and child links.
The DU may also transmit if it is known that the MT part does not need to transmit in the corresponding resource, despite the fact that it is configured as an uplink resource for the MT. This is e.g. the case if the MT is not scheduled for PUSCH transmission within the resource and there is no PUCCH or SRS to be transmitted within the resource. 
In the opposite direction, the DU could always schedule uplink transmissions in resources configured as uplink or flexible resources from a DU point-of-view. In this case, the critical question is rather the behavior of a non-full-duplex-capable IAB node for which the MT part has a simultaneous scheduling grant, including “implicit” “scheduling grants” for PUCCH and/or SRS transmission. There are two alternatives
· Alternative 1 (corresponding to Hard DU resources): The MT ignores the scheduling grant from parent DU, i.e. does not transmit on the uplink. 
· Alternative 2 (corresponding to Soft DU resources): The MT transmits on the uplink according to the scheduling grant, thereby preventing reception of the already scheduled child uplink transmission. 
In other words, similar to above the configuration of a soft DU resource implies that the DU action should not impact the MT ability to carry out uplink transmissions if scheduled. 
For resources configured as flexible from an MT point-of-view, the DU behavior should be a combination of those for MT DL and MT UL resources. 
Table 1 summarizes the above discussion



Table 1
	MT configuration
	DU can transmit in a resource if:
	DU can schedule uplink transmission in a resource if

	Downlink
	· the resource is configured as DL-H/FL-H
OR
· the resource is configured as DL-S/FL-S and transmission does not impact the MTs ability to receive parent-link DL transmissions
	· the resource is configured as UL-H/FL-H
OR
· the resource is configured as UL-S/FL-S and scheduling does not impact the MTs ability to receive parent-link DL transmissions

	Uplink
	· the resource configured as DL-H/FL-H
OR
· the resource is configured as DL-S/FL-S and transmission does not impact the MTs ability to carry out uplink transmission if scheduled
	· the resource is configured as UL-H/FL-H
OR
· the resource is configured as UL-S/FL-S and scheduling does not impact the MTs ability to carry out uplink transmission if scheduled

	Flexible
	· the resource configured as DL-H/FL-H
OR
· the resource is configured as DL-S/FL-S and transmission does not impact the MTs ability to receive parent-link DL transmissions, nor does it impact the MTs ability to carry out uplink transmission if scheduled
	· the resource is configured as UL-H/FL-H
OR
· the resource is configured as UL-S/FL-S and scheduling does not impact the MTs ability to receive parent-link DL transmissions, nor does it impact the MTs ability to carry out uplink transmission if scheduled


 
Proposal 1: 	Capture the above table in the TR
Proposal 2: 	Consider the introduction of explicit parent-node signalling indicating that a downlink MT resource is dynamically released, thus being available for DU downlink transmission and/or uplink scheduling 

As discussed in [3], may have to be carried out to explicitly avoid direct UE-to-UE interference in unpaired spectrum. To enable this, we propose that a DU of an IAB node could be configured with a specific set of time-domain resources (referred to as “Set-3” in [3]) that indicates uplink resources in which the DU node should not schedule uplink transmissions from UEs 
Proposal 3: 	IAB should support a DU being configured with a specific set of time-domain resources that indicates uplink resources in which the DU should not schedule uplink transmissions from UEs 



Proposals
Proposal 1: Capture the table below in the TR

	MT configuration
	DU can transmit in a resource if:
	DU can schedule uplink transmission in a resource if

	Downlink
	· the resource is configured as DL-H/FL-H
OR
· the resource is configured as DL-S/FL-S and transmission does not impact the MTs ability to receive parent-link DL transmissions
	· the resource is configured as UL-H/FL-H
OR
· the resource is configured as UL-S/FL-S and scheduling does not impact the MTs ability to receive parent-link DL transmissions

	Uplink
	· the resource configured as DL-H/FL-H
OR
· the resource is configured as DL-S/FL-S and transmission does not impact the MTs ability to carry out uplink transmission if scheduled
	· the resource is configured as UL-H/FL-H
OR
· the resource is configured as UL-S/FL-S and scheduling does not impact the MTs ability to carry out uplink transmission if scheduled

	Flexible
	· the resource configured as DL-H/FL-H
OR
· the resource is configured as DL-S/FL-S and transmission does not impact the MTs ability to receive parent-link DL transmissions, nor does it impact the MTs ability to carry out uplink transmission if scheduled
	· [bookmark: _GoBack]the resource is configured as UL-H/FL-H
OR
· the resource is configured as UL-S/FL-S and scheduling does not impact the MTs ability to receive parent-link DL transmissions, nor does it impact the MTs ability to carry out uplink transmission if scheduled



Proposal 2: 	Consider the introduction of explicit parent-node signalling indicating that a downlink MT resource is dynamically released, thus being available for DU downlink transmission and/or uplink scheduling

Proposal 3: 	IAB should support a DU being configured with a specific set of time-domain resources that indicates uplink resources in which the DU should not schedule uplink transmissions from UEs 
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