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1 Introduction

A revised WID on “Integrated Access and Backhaul for NR” was approved in RAN#83 [1] and then one of objectives for the work item is as follows: 
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:

· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.

· 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). 

· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 

· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 

· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 

· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.

· Specification of mechanism to support the “case-1” OTA timing alignment.


This contribution discusses necessary specifications for resource multiplexing among backhaul and access link which includes configuration of time domain resources for IAB MT/DU and resource granularity taking into account several agreements made in RAN1 AH1901 and RAN1 #96.
2 Configuration of time domain resources for IAB MT/DU
Figure 1 captured from TR38.874 [2] shows parent BH and child BH links between an IAB node, a parent node of the IAB node and a child node of the IAB node:
[image: image1.png]Towards donor

Parent node IAB node

DL Parent BH

<<ﬂ u))

UL Access
(Child)

DLChlId BH

UL Child BH

DLAccess
(Child)

Child node




Figure 1: Different IAB link types
Resources for parent BH in terms of MT were agreed as follows:
	RAN1 AH1901 Agreements:
At least existing resource definitions (D/U/F) and semi-static and dynamic signaling methods defined in Rel-15 for access UEs are reused for configuration and indication of MT resources to be used by the backhaul link between the IAB node and its parent.

· FFS details


From the agreement, time domain resources for the parent link from an MT point of view can be reused from time domain resources for access UEs in Rel-15. In other words, both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in [3] can be utilized without further specifications.
Proposal 1: Both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in [3] are reused for resource configuration for a MT of an IAB node.
In addition, time domain resources for child BH in terms of DU were agreed as follows:
	RAN1#94b Agreements:

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

RAN1#94b 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. 
RAN1 AH1901 Agreements:

IAB-node/IAB-donor DU resources are provided by a semi-static configuration which is provided separately from the MT resource indication

· FFS: whether the configuration is per-link or per-DU 

· FFS: details for the configuration
RAN1 AH1901 Agreements:

Support indication of the dynamic availability of soft resources at an IAB node from a parent

· FFS details, including explicit vs. implicit indication


From the agreements, a parent node (or Donor) can configure time domain resources for the child link from a DU point of view and then the DU of an IAB node can utilize those resources to communicate with a MT of a child node. In a perspective that the parent node determines and configures the resources for the DU of the IAB node to communicate with the MT of the child node, it is different from Rel-15 resource allocation mechanisms that a gNB directly determines and configures resources to communicate with access UEs. In this regard, the parent node needs to configure resources for the MT of the IAB node and it also needs to configure resources for the DU of the IAB node. The first one can be done by using the existing Rel-15 signalling, e.g., TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and DCI format 2_0.  On the other hand, for the second one, additional configuration signalling needs to be introduced for resource types of DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available. Also, the availability of soft resources needs to be indicated for the DU of the IAB node in a dynamic manner as agreed.
Resource types itself including DL/UL/Flexible are very similar to Rel-15 specification except not-available resources and also, a configuration of soft/hard of DL/UL/Flexible. In addition, an explicit signaling to indicate the availability of soft resource is similar to Rel-15 mechanisms which determines resource usage from flexible resources by using DCI format 2_0. Therefore, both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in [3] can be starting point for the details in the exact DU configurations. 
Proposal 2: For resource configuration for a DU of the IAB node, both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in [3] is a starting point for the details in the exact DU configurations. 
As a result, below configurations for an IAB node can be considered:

1.
The parent IAB node configures DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available for a DU of the IAB node in semi-statical manner. The format table in Rel-15 needs to be changed to include resource type “not-available” and hard/soft of the DL/UL/Flexible.
2.
A parent IAB node configures DL/UL/flexible for a MT of an IAB node in semi-static or dynamic manner same as Rel-15.
3. The parent IAB node then dynamically indicates the availability of “soft” DL/UL/flexible resource for the DU of the IAB node using explicit (e.g., a DCI format) or implicit way (e.g., scheduling or configuration).
Regarding DU and MT behaviors in case that DU resource is hard or soft, the following agreements were made:
	RAN1#96bis Agreements:

· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).

· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.

· The IAB shall fulfill its performance requirements in terms of measurement and transmission of cell specific signals / channels.

· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 

· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 

· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.

· FFS the cell specific signals/channels. The list may include (not necessarily an exhaustive list)
· SSB transmissions

· Broadcast system information

· Configured periodic CSI-RS

· PRACH resources

· Resources for scheduling requests

· 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.

· An explicit indication of availability of a Soft resource by the parent node makes the resource available to the child node, irrespective of the outcome of any implicit determination of availability by the child node. 
· The parent node does not need to be aware of the outcome of an implicit determination of availability of a DU Soft resources at a child node.


It was agreed that in case of hard DU resources or soft indicated available DU resources, the DU can assume it can use the resource regardless of the MT’s configuration. Also, it was agreed that there is no additional exception cases for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH). FFS aspects are regarding the use of Not Available or soft not indicated resources in case of cell-specific (e.g. SS/PBCH blocks, SI reception, RACH) signals and channels to be potentially transmitted/received at the DU. Although it cannot mandate the use of hard DU resources or soft indicated available DU resources in case of cell-specific signals and channel transmitted/received at the DU, the DU can avoid transmitting/receiving the cell-specific signals and channels using those resources as much as possible and then if the DU wants to use those resources for the cell-specific signals and channels, it would be up to the DU implementation. In this perspective, Alt 2 is preferred. That is, if a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
Observation 1: The DU can avoid transmitting/receiving the cell-specific signals and channels using the soft resources as much as possible and then if the DU wants to use the soft resources for the cell-specific signals and channels, it would be up to DU implementation.
Proposal 3: If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
3 Resource granularity

It was agreed that both slot and symbol-level multiplexing of access and backhaul links are supported which implies both slot and symbol-level granularity for backhaul links are supported. For IAB TDM multiplexing pattern, the adaptation period can be configurable and within each adaptation period, a bitmap can be used to indicate which link is active during each slot. Considering frequency resource can be allocated based on the necessary traffic, it should be noted that such configuration is not necessarily to be dynamic but semi-persistent. 
Proposal 4: Adaptation period for IAB TDM multiplexing pattern between access and backhaul links should be configurable, where within each adaptation period, a bitmap can be used to indicate the active link.


An issue was discussed about additional SFIs for IAB in Rel-16 which support patterns which begin with uplink slots, uplink symbols or flexible symbols. In fact, there already exists those SFIs in Rel-15. For example, Format 1 or 2 in Table 11.1.1-1 in [3]. If the intention is to introduce slot formats starting with uplink symbols or flexible symbols but ending with downlink symbols, a clear motivation to have new slot formats for IAB needs to be first discussed.
Another issue is the delay due to scheduling and IAB node processing. Once an IAB node receives multiplexing pattern from its parent IAB node, it needs some time to apply the configuration and also configures multiplexing pattern to its own child IAB node. If the parent IAB node configures a new multiplexing pattern during such time, it might cause some confusion to the IAB node and/or its child IAB nodes. It should be noted that for semi-persistent multiplexing pattern configuration/reconfiguration, it might not be a problem if the reconfiguration does not happen very frequent and the number of hops is small. However, for more general scenarios, a mechanism should be provided to avoid such problems. In our view, an IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command. A confirmation signaling can be used to notify the parent IAB node that multiplexing pattern configuration of IAB node and its child IAB nodes is complete so that the parent IAN node can issue new multiplexing pattern configuration again if needed. 
Proposal 5: An IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command and a confirmation signaling can be used for notification.
4 Conclusions 

This contribution discusses necessary specifications for resource multiplexing among backhaul and access link and proposes the following proposals and observations based on the discussion:
Proposal 1: Both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in [3] are reused for resource configuration for a MT of an IAB node.
Proposal 2: For resource configuration for a DU of the IAB node, both semi-static configurations (e.g., TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) and dynamic indication (e.g., DCI format 2_0) for DL/UL/flexible resources which are defined in [3] is a starting point for the details in the exact DU configurations.
Observation 1: The DU can avoid transmitting/receiving the cell-specific signals and channels using the soft resources as much as possible and then if the DU wants to use the soft resources for the cell-specific signals and channels, it would be up to DU implementation.

Proposal 3: If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
Proposal 4: Adaptation period for IAB TDM multiplexing pattern between access and backhaul links should be configurable, where within each adaptation period, a bitmap can be used to indicate the active link.

Proposal 5: An IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command and a confirmation signaling can be used for notification.
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