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Introduction 
In RAN1-AH1901, the following agreements regarding IAB resource multiplexing have been reached [1]:
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
· 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
· Support indication of the dynamic availability of soft resources at an IAB node from a parent
· FFS details, including explicit vs. implicit indication

In this contribution, we discuss the fundamentals of configuring semi-static resources towards MT and DU, respectively, in terms of signaling, necessary information to be provided to the parent node, features to be supported, configurations rules, and coordination rules.
Discussion
MT resources and their configuration
MT (parent-link) time-domain resources can be configured as D (Downlink), U (Uplink), and F (Flexible) where a resource configured as D can only be used in the downlink direction (MT reception), a resource configured as U can only be used in the uplink direction (MT transmission) and a resource configured as F can be used in both the downlink and uplink directions (MT reception and MT transmission). The actual transmission direction on a flexible resource is then dynamically determined by the scheduler and indirectly indicated to the MT by the corresponding scheduling assignment/grant.
As a baseline, the MT D/U/F configuration should follow the corresponding Rel-15 specification for UE D/U/F configuration:
· Configuration is done by means of system information and/or dedicated RRC signaling provided by the CU at the donor node.
· A flexible resource can subsequently be re-assigned to downlink or uplink by the parent-node DU using SFI.


[bookmark: _Toc1142134][bookmark: _Toc1142440]The MT D/U/F configuration should follow the corresponding Rel-15 specification for UE D/U/F configuration:
· The configuration is done by means of system information and/or dedicated RRC signaling provided by the CU at the donor node.
· A flexible resource can subsequently be re-assigned to downlink or uplink by the parent-node DU using SFI.

Although the MT D/U/F configuration is carried out by means of RRC signalling provided by the CU located at the donor node, the DU of the parent node serving the MT needs to be aware of the MT configuration. However, this is not different from Release 15 where a (non-IAB) DU needs to be aware of the D/U/F configuration of UEs served by cells of the DU. There is already F1-interface support for the provisioning of such information and this can be directly reused for IAB. 

[bookmark: _Toc509436][bookmark: _Toc878988][bookmark: _Toc1028375][bookmark: _Toc1112077][bookmark: _Toc1113304][bookmark: _Toc1114002][bookmark: _Toc1138127]There is already F1-interface support for providing information about a UE D/U/F configuration to the serving DU and this can be reused for providing information about the MT D/U/F configuration to the parent-node DU.

Similar to UEs, it should be possible to provide different MTs under the same parent-node DU with different D/U/F configurations. 

[bookmark: _Toc878989][bookmark: _Toc1028376][bookmark: _Toc1112080][bookmark: _Toc1113307][bookmark: _Toc1114005][bookmark: _Toc1138130][bookmark: _Toc1142135][bookmark: _Toc1142441]Different MTs under the same parent-node DU may have different D/U/F configurations 
DU resources 
DU time-domain resources can be configured as D (Downlink), U (Uplink), F (Flexible) and N (Not available), where a resource configured as D can only be used in the downlink direction (DU transmission), a resource configured as U can only be used in the uplink direction (DU reception) and a resource configured as F can be used in both the downlink and uplink directions. A resource configured as N is not available to the DU in neither the downlink nor the uplink direction. 
D, U, and F resources can be further configured as either Hard (H) or Soft (S). A hard resource is unconditionally available to the DU in the configured transmission direction(s) while a soft resource is only conditionally available based on explicit or implicit indication from the parent node.
The reason for introducing DU resource configuration according to above, including Hard/soft configuration, is to enable intra-IAB-node MT/DU coordination in light of IAB-node half-duplex constraints and possible constraints on the simultaneous transmission or reception, e.g. in form of SDM, at the MT and DU(s) of an IAB node.
From this one can conclude that the DU configuration does not need to be link specific.
 
[bookmark: _Toc1112081][bookmark: _Toc1113308][bookmark: _Toc1114006][bookmark: _Toc1138131][bookmark: _Toc1142136][bookmark: _Toc1142442]The DU configuration (D/U/F/N and H/S) is not link specific.

However, a DU may correspond to multiple cells, including cells operating on different carrier frequencies, and in the general case the D/U/F/N configuration could be different for different cells of the DU. The configuration should thus be cell specific rather than DU specific. 

[bookmark: _Toc509438][bookmark: _Toc878991][bookmark: _Toc1028379][bookmark: _Toc1112082][bookmark: _Toc1113309][bookmark: _Toc1114007][bookmark: _Toc1138132][bookmark: _Toc1142137][bookmark: _Toc1142443]The DU configuration (D/U/F/N and H/S) is cell specific.

Note that, in contrast to the MT D/U/F configuration, the DU configuration would not be provided by means of RRC signalling but would be provided to the DU by means of F1-interface messages. 

[bookmark: _Toc509439][bookmark: _Toc878992][bookmark: _Toc1028377][bookmark: _Toc1112078][bookmark: _Toc1113305][bookmark: _Toc1114003][bookmark: _Toc1138128]While the MT D/U/F configuration is provided by means of RRC signalling, the DU D/U/F/N and H/S configurations are provided  by means of F1-interface messages.

The DU configuration of an IAB node should also be known to the parent DU as it will impact the MT scheduling. Information about the respective child-node DU configuration can also be provided be means of F1-interface messages.

[bookmark: _Toc509440][bookmark: _Toc878993][bookmark: _Toc1028380][bookmark: _Toc1112079][bookmark: _Toc1113306][bookmark: _Toc1114004][bookmark: _Toc1138129]The information about the respective child-node DU configuration can be provided to the parent DU by means of F1-interface messages 

Support for full duplex and SDM
It should be noted that, although an IAB node will typically be constrained to half-duplex operation between the DU and MT of the IAB node, there may be situations with relatively large MT-to-DU isolation where full-duplex operation may actually be possible already today. An example of such a situation could be when the MT is located on the outside of a wall, with the DU on the inside. IAB should preferable be able benefit from full-duplex operation in such situations. It should also be noted that the IAB resource assignment and multiplexing should anyway support time-wise “full-duplex” (simultaneous MT reception and DU transmission or vice versa) in case of out-of-band backhauling.
[bookmark: _Toc509441][bookmark: _Toc878994][bookmark: _Toc1028381][bookmark: _Toc1112083][bookmark: _Toc1113310][bookmark: _Toc1114008][bookmark: _Toc1138133][bookmark: _Toc1142138][bookmark: _Toc1142444]The IAB resource multiplexing should support time-wise full-duplex between the MT and DU(s) of an IAB node.

Similar arguments can be made with regards to simultaneous transmission or reception at the DU and MT of an IAB node by means of, for example, SDM. Although it has been agreed that FDM/SDM is outside of the scope of Rel-16 IAB, this relates to the specification of features explicitly targeting FDM/SDM. However, it was also recognized during the IAB Study Item that at least SDM can partly be seen as an IAB-node implementation option, something we believe should be possible to utilize already with Rel-16. 
[bookmark: _Toc1142139][bookmark: _Toc1142445][bookmark: _Toc509442][bookmark: _Toc878995][bookmark: _Toc1028382][bookmark: _Toc1112084][bookmark: _Toc1113311][bookmark: _Toc1114009][bookmark: _Toc1138134]The IAB resource multiplexing should support simultaneous DU/MT transmission or reception, e.g. by means of SDM, as an implementation option. 
Hard vs soft DU resources
A hard resource is always (unconditionally) available to the DU. In practice this means that if, within an IAB node, DU transmission/reception in a hard resource is in conflict with MT transmission/reception, in terms of, for example, half-duplexing or SDM constraints, the DU has priority and the IAB node can, if a conflict would occur, ignore any scheduling related to the corresponding MT resource(s).
[bookmark: _Toc509443][bookmark: _Toc878996][bookmark: _Toc1028383][bookmark: _Toc1112085][bookmark: _Toc1113312][bookmark: _Toc1114010][bookmark: _Toc1138135][bookmark: _Toc1142140][bookmark: _Toc1142446]A hard DU resource implies that the DU has priority over the MT, i.e. the DU can use the resource without any considerations of the impact on the MT’s ability to transmit receive in corresponding MT resources.
Similarly, if DU transmission/reception in a soft resource is in conflict with MT transmission/reception, the MT has priority. Differently expressed, the DU can use a soft resource if and only if this does not impact the MT’s ability to transmit or receive according to its configuration/scheduling.
[bookmark: _Toc509444][bookmark: _Toc878997][bookmark: _Toc1028384][bookmark: _Toc1112086][bookmark: _Toc1113313][bookmark: _Toc1114011][bookmark: _Toc1138136][bookmark: _Toc1142141][bookmark: _Toc1142447]A soft DU resource implies that the MT has priority over the DU, i.e. the DU can use the resource if and only if this will not impact the MT’s ability to transmit/receive according to its configuration/scheduling.
We believe that associating hard and soft resources with such DU/MT priorities is preferred, compared to strict rules preventing certain DU/MT configuration combinations, as the former provides higher flexibility in terms of supporting SDM and even full-duplex operation as an IAB-node implementation capability. 
Some examples: 
If a soft DU resource corresponds to an MT resource (or MT resources[footnoteRef:2]) configured as uplink (U), the DU can use the resource if, in one way or another, the IAB node knows that there is no MT transmission to carry out in the corresponding resource.  The MT may, for example, have no scheduling grant for the MT resource or there may be no data available for MT transmission.  [2:  Note that, due to the possibility for different numerology on, e.g., the access and backhaul links, as well as the possible lack of time alignment between different links at the IAB node, a given DU time resource may correspond to (overlap) multiple MT resources and vice versa] 

· If the IAB node is capable of SDM between the DU and MT, the DU may transmit in the downlink in the soft resource even if there is a corresponding scheduling grant for the MT resource and there is data available for MT transmission. If the IAB node is capable of full duplex the DU may even schedule uplink transmission on the corresponding DU resource.
Likewise (for an MT downlink resource): 
· If a soft DU resource corresponds to an MT resource (MT resources) configured as downlink (D), the DU can use the resource if it knows that there will be no parent transmission to be received on the MT resource(s). There may, for example, be no scheduling assignment for the corresponding MT resource and no possibility to provide a scheduling assignment based on the configured search space 
· If the IAB node is capable of SDM between the DU and MT, the DU may schedule uplink transmission in a soft resource even if the IAB node expects a downlink transmission to be received by the MT in the corresponding MT resource. If the IAB node is capable of full duplex the DU may even carry out downlink transmission on the corresponding DU resource.

Explicit vs implicit indication
It has been agreed that the availability of a soft DU resource can be explicitly and implicitly indicated to an IAB node by its parent node. 
Implicit indication
As described above, in some cases, the IAB may know, by indirect means, that the DU soft resources can be used without impacting the MTs ability to transmit or receive according to its corresponding configuration and scheduling. For example:
· The MT may not have a scheduling grant valid for an uplink MT resource
· There may be no data available for MT transmission in an uplink MT resource
· The configured search space may be such that the MT can not receive a scheduling assignment for a downlink MT resource
Based on such knowledge, the IAB node can conclude that certain DU soft resources can be used, i.e. are available.  
In case of implicit indication of DU soft-resource availability, the IAB knows, by indirect means, that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling. Such knowledge can, e.g. be based on 
-	the lack of uplink scheduling grant at the MT
-	no data available for MT transmission
-	the configured MT search space, 
-	etc.
Explicit indication
Explicit indication implies that specific signalling indicates the availability of soft DU resources. As described earlier, a soft DU resource can be used if and only if this will not impact the MTs ability to transmit/receive according to its configuration/scheduling. 
Due to, for example, the lack of time alignment between different IAB-node links, there is not a one-to-one correspondence between DU and MT time-domain resources. It is therefore difficult for the parent node to decide on the availability of specific DU time-domain resources. The explicit indication should therefore rather indicate that specific MT resources will not be used.  The IAB node can then, internally, conclude what this implies in terms of DU soft-resource availability. 
In case of explicit indication of DU soft-resource availability, the IAB node is indicated that specific MT resources will not be used. The IAB node can then, internally, conclude on the availability of the corresponding DU soft resources. 
Explicit indication can be either L1 (PDCCH) or L2 (MAC CE) signaling. The release of available resource(s) can either be initiated by the parent node which is aware of its child IAB DU configuration or be initiated by the IAB node which needs to use the configured soft resource(s).
[bookmark: _Toc878999][bookmark: _Toc1028386][bookmark: _Toc1112088][bookmark: _Toc1113315][bookmark: _Toc1114013][bookmark: _Toc1138138][bookmark: _Toc1142143][bookmark: _Toc1142449]The activating of soft resources via explicit indication can either be initiated by the parent node which is aware of its child IAB DU configuration or be initiated by the IAB node which needs to use the configured soft resources.
Conclusion
In this contribution we made the following observations:
Observation 1	There is already F1-interface support for providing information about a UE D/U/F configuration to the serving DU and this can be reused for providing information about the MT D/U/F configuration to the parent-node DU.
Observation 2	While the MT configuration is provided by means of RRC signalling, the DU D/U/F/N and H/S configurations are provided  by means of F1-interface messages.
Observation 3	The information about the respective child-node DU configuration should be provided to the parent DU by means of F1-interface messages

Based on the discussion above we propose the following:
Proposal 1	The MT D/U/F configuration should follow the corresponding Rel-15 specification for UE D/U/F configuration:
· The configuration is done by means of system information and/or dedicated RRC signaling provided by the CU at the donor node.
· A flexible resource can subsequently be re-assigned to downlink or uplink by the parent-node DU using SFI.

Proposal 2	Different MTs under the same parent-node DU may have different D/U/F configurations

Proposal 3	The DU configuration (D/U/F/N and H/S) is not link specific.

Proposal 4	The DU configuration (D/U/F/N and H/S) is cell specific.

Proposal 5	The IAB resource multiplexing should support time-wise full-duplex between the MT and DU(s) of an IAB node.

Proposal 6	The IAB resource multiplexing should support simultaneous DU/MT transmission or reception by means of SDM as an implementation option.

Proposal 7	A hard DU resource implies that the DU has priority over the MT, i.e. the DU can use the resource without any considerations of the impact on the MT’s ability to transmit receive in corresponding MT resources.

Proposal 8	A soft DU resource implies that the MT has priority over the DU, i.e. the DU can use the resource if and only if this will not impact the MT’s ability to transmit/receive according to its configuration/scheduling.

Proposal 9	In case of implicit indication of DU soft-resource availability, the IAB knows, by indirect means, that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling. Such knowledge can, e.g. be based on
-	the lack of uplink scheduling grant at the MT
-	no data available for MT transmission
-	the configured MT search space, 
-	etc.

Proposal 10	In case of explicit indication of DU soft-resource availability, the IAB node is indicated that specific MT resources will not be used. The IAB node can then, internally, conclude on the availability of the corresponding DU soft resources. 

Proposal 11	The activating of soft resources via explicit indication can either be initiated by the parent node which is aware of its child IAB DU configuration or be initiated by the IAB node which needs to use the configured soft resources.
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