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1   Introduction
RAN1#AH1901 has the following agreements for resource allocation in IAB [1]. 
· At least existing resource definitions (D/U/F) and semi-static and dynamic signalling 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

RAN1#96 further made the following agreements for resource allocation in IAB [2]. 
· If a resource is configured as not available, the DU cannot assume it can use the resource 

· In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration 

· FFS: Exception cases for specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) 

· In case of soft DU resources: 

· If the soft resource is indicated as available, the DU can assume it can use the resource

· If the soft resource is not indicated as available, the DU cannot assume it can use the resource 

· The use of soft resources at least corresponds to transmission/reception of specific signals and channels (e.g. PDSCH/PUSCH) at the DU 

· FFS the use of soft 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

· Both implicit and explicit indication of the availability of soft resources at an IAB node is supported 

· In case of implicit indication of DU soft-resource availability, the IAB node knows that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling based on indirect means. Examples of such means may include:

· the lack of uplink scheduling grant at the MT

· no data available for MT transmission

· the configured MT search space, 

· configured RS measurement occasions (e.g. SSB/CSI-RS)

· FFS: consider whether the parent should be able to always be aware of/control the outcome of implicit indications at child nodes

· Explicit indication that a resource is available is based on DCI indication. The following options can be considered:

· SFI-like indication via DCI Format 2_0 

· Use of 2 SFI indications (e.g. based on multi-slot scheduling mechanism)

· Define a new DCI format

· Other options are not precluded

· FFS: whether an explicit indication that a resource is available always has priority over any implicit determination of the availability of a resource

· Further consider factors impacting the usage of soft resources at a child DU, including:

· MT’s decoding delay

· Information exchange delay between MT and DU

· DU’s PDSCH preparation time

· UE PUSCH preparation time

· Accumulated delay across hops

· Inter-IAB node conflict resolution can be supported by the following options (to be down-selected) 
· Alt1: the parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs, 

· Alt2: the parent node may be made aware of a subset of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs

· FFS: whether the indication of the child DU resources at the parent is via explicit (e.g. F1-AP signalling) or implicit (e.g. based on child MT configuration) means

· Both slot and symbol-level multiplexing of access and backhaul links are supported.

In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 

2   Semi-Static Configuration for IAB DU resources
We illustrate an example of an IAB network with CU/DU split architecture and signalling in Figure 1, where we mark MT and DU in a parent IAB node as P-MT/P-DU; MT and DU in a child IAB node as C-MT/C-DU; and a child UE as C-UE. 

[image: image1.jpg]I1AB donor

Child IAB node Child UE

F1-AP sign

RRC signaling
/R,

ne




Figure 1: IAB network illustration
From MT/UE point of view, semi-static and dynamic indication of D/U/F time-domain resource allocation can be supported in Rel-15 design. 

For an IAB DU, the semi-static resource configuration can consider downlink/uplink/flexible/not available/hard/soft (D/U/F/NA/H/S) resources. 
2.1   Per-link vs Per-DU configuration

Regarding the per-link (specific configuration for each child link of one DU) or per-DU (configured as a whole for one DU) semi-static configuration for an IAB DU, we can discuss with different scenarios. For initial configuration for an IAB DU, i.e. the IAB DU setup before it starts to serve child nodes or child UEs, the DU configuration is per-DU based configuration naturally since there is no child link exists yet. 
After the initial configuration, when the IAB DU starts to serve child nodes or child UEs, the DU configuration update can be per-link or per-DU. If the DU configuration is common to all its child nodes and child UEs, the DU configuration can be per-DU. If the DU configuration is specific to one child link, the DU configuration can be per-link. For example, per-link based NA configuration at an IAB DU can tailor the resource allocation for one child link for the purpose of interference management. In addition, the soft resource pool for each C-UE/C-MT can be different depending on the D/U/F configuration of that C-UE/C-MT, hence soft pool configuration at a DU can be per-link configuration. 
Proposal 1: Semi-static configuration regarding D/U/F/NA/H/S for an IAB DU can be per-DU or per-link depending on different scenarios.
· For initial configuration for an IAB DU, the DU configuration is per-DU.

· When the IAB DU starts to serve child nodes or child UEs, the DU configuration update can be per-link or per-DU.  

2.2   Semi-static Configuration for an IAB DU

Regarding the semi-static configuration for an IAB DU, we discuss the following schemes. 

Scheme 1: An IAB DU’s semi-static configuration includes two groups of indications. One resource type indication will not overlap with another resource type indication within one group.   
· Option 1: D/U/F/NA indications and H/S indications.
· Option 2: D/U/F indications and H/S/NA indications. 
In this scheme, an IAB DU’s semi-static configuration will have two groups of indications, either D/U/F/NA with H/S, or D/U/F with H/S/NA. We show an example of Option 1 in Figure 2, where D/U/F/NA resources are indicated without overlapping with each other in Figure 2(a), and the H/S resources are indicated without overlapping in Figure 2(b). This Scheme 1 can be used for both per-link and per-DU configuration.
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Figure 2: Scheme 1/Option 1 illustration
Scheme 2: An IAB DU’s per-link semi-static configuration only considers H/S/NA indication; the per-link D/U/F configuration is aligned with each child link’s D/U/F configuration and no additional per-link D/U/F configuration is needed for the DU. 

This Scheme 2 applies for per-link DU configuration. In this scheme, since each child (C-MT or C-UE) of an IAB DU will have its own D/U/F configuration and this information is known to the IAB DU, the per-link D/U/F configuration at the IAB DU is aligned with that child MT’s D/U/F configuration and no additional per-link D/U/F configuration is needed for the DU. Then, an IAB DU’s per-link semi-static configuration only considers per-link H/S/NA indication. Scheme 2 can be considered as a special case of scheme 1 option 2, where only H/S/NA are additionally signalled, and signalling on D/U/F uses existing F1-AP message to align with child MT’s D/U/F configuration.  

Scheme 3: An IAB DU’s semi-static configuration includes hard-downlink/hard-uplink/hard-flexible/soft-downlink/soft-uplink/soft-flexible/not available (H-D/H-U/H-F/S-D/S-U/S-F/NA) indications.
In this scheme, one semi-static configuration with explicit resource types (H-D/H-U/H-F/S-D/S-U/S-F/NA) are provided to an IAB DU. This Scheme 3 can also be used for both per-link and per-DU configuration. However, compared with Scheme 1, this scheme has higher signalling overhead and no clear benefit. 
Proposal 2: Consider the following schemes for IAB DU’s semi-static resource configuration

Scheme 1: An IAB DU’s semi-static configuration includes two groups of indications. One resource type indication will not overlap with another resource type indication within one group.   

· Option 1: D/U/F/NA indications and H/S indications.

· Option 2: D/U/F indications and H/S/NA indications. 
Scheme 2: An IAB DU’s per-link semi-static configuration only considers H/S/NA indication; the per-link D/U/F configuration is aligned with each child link’s D/U/F configuration and no additional per-link D/U/F configuration is needed for the DU. 

2.3   Exceptional Cases for DU Hard or Soft Resources

RAN1 #96 has clarified MT/DU behaviour when the DU is configured with hard or soft resources, with some exceptional cases for further study.
In case of hard DU resource, the DU can assume it can use the resource regardless of the MT’s configuration, with specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) to be further discussed.  For SSB/PBCH block reception, the MT may need to keep on SSB measurements to closely watch for possible backhaul link failure. For RACH, the MT may need to send PRACH in case of backhaul link re-connection or rerouting. Considering that backhaul link is crucial for the system, SSB reception and PRACH transmission at a MT could be given high priority than hard DU resources. On the other hand, if the DU hard resources are used for DU SS/PBCH blocks transmission, as those transmission would affect access UE, it should also be given higher priority. In general, we should try to avoid assigning time overlapping resources for MT’s SSB/PRACH and DU’s SSB transmission, and MT’s SSB/PRACH Rx/Tx should be given higher priority over DU’s hard resource that is not used for SSB transmission at the DU. 
In case of soft DU resources: if the soft resource is indicated as available, the DU can assume it can use the resource; and if the soft resource is not indicated as available, the DU cannot assume it can use the resource, with the use of soft resources in case of cell-specific (e.g. SS/PBCH blocks, SI transmission, RACH) signals and channels to be potentially transmitted/received at the DU to be further discussed. Since a Stage 1 child IAB node or a child UE will rely on the DU SS/PBCH blocks transmission to perform initial access to the network, DU SS/PBCH blocks transmission should not be configured onto soft DU resources. For other DU transmission/reception (e.g. SI transmission, RACH), no strict restriction on soft DU resources is needed.  
Proposal 3: In case of hard DU resources, specific signals/channels to be transmitted or received by the MT in the same resource (including SS/PBCH blocks and RACH) have higher priority than DU hard resources that are not used for DU SS/PBCH transmission. 

Proposal 4: DU SS/PBCH blocks transmission should not be configured onto soft DU resources.
3   Inform an IAB DU’s resource configuration to its parent IAB DU
For inter-IAB node conflict resolution, it has been agreed that an IAB DU’s resource configuration can be known (partially or fully) to its parent DU (P-DU). Regarding explicit or implicit indication to the P-DU, implicit indication means that the P-DU decides the IAB DU’s resource configuration based on the co-located IAB MT’s resource configuration that is known to the P-DU. This implies that there are some configuration rules/connections for the co-located IAB MT and IAB DU, which actually haven’t been defined yet. Note that current IAB MT’s resource configuration only contains D/U/F and it will be very hard for the P-DU to get the DU’s hard or soft resource configuration information from that. Hence, explicit indication to the parent IAB node (e.g. F1AP signaling) regarding DU’s resource configuration is preferred. 
On the information that need to be informed to the P-DU regarding an IAB DU’s resource configuration: 

· For DU’s hard resources, the DU will use the resources regardless of the co-located IAB MT’s configuration. If the P-DU knows the IAB DU’s hard resources configuration, it can avoid the IAB MT’s scheduling at the same resources. 
· For DU’s soft resources, it is also better for the P-DU to know so that explicit indication of soft availability from P-DU to the IAB node is possible. 
· For DU’s not available (NA) resource, it has no effect on the communication between the P-DU and the IAB MT. Hence, the P-DU does not have to know the DU’s NA configuration. 
For TDM, DU’s hard and soft configuration informed to the P-DU should be enough. However, for further support of SDM/FDM, the explicit transmission direction of hard and soft resource configuration should also be known to the P-DU.
Proposal 5: For inter-IAB node conflict resolution, the parent IAB node should be explicitly informed of the DU’s resource configuration. The information contents are: 
· In case of TDM, DU’s hard and soft resource configuration. 

· In case of SDM/FDM, DU’s hard-downlink/hard-uplink/hard-flexible/soft-downlink/soft-uplink/soft-flexible (H-D/H-U/H-F/S-D/S-U/S-F) resource configuration.
4   Dynamic Indication of Soft Resource Availability
The soft resource is semi-statically configured to an IAB DU, and the availability of the soft resources can be dynamically indicated from its parent node. 
Among several options listed in RAN1#96 agreements [2], we prefer using two SFI indications for parent link and child links respectively, without modifying the current slot format Table. To be more specific, two SFIs can be configured to the MT of an IAB node: one SFI is to indicate slot formats for the MT to communicate with its parent DU (P-DU); while the other SFI is to indicate slot formats regarding soft resource availability for the DU of this IAB node to communicate with its child nodes (child UEs or child MTs). We illustrate the usage of those two SFIs (SFI-1 and SFI-2) in Figure 3. 
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Figure 3: Two SFIs illustration
The same predefined D/F/U patterns in one slot duration in TS38.213 can be used for the soft resource availability: “D” means the soft resource is available to use as downlink, “F” means the soft resource is available to use as flexible and “U” means the soft resource is available to use as uplink.  
We give several options to fulfil the two SFI indications for soft resource availability. 

· Option 1: Extend the RRC IE SlotFormatCombination to include both MT and DU slot formats
In this Option 1, the two SFI indications can be indicated using the same mechanism as multi-slot SFI indications specified in Rel-15. In Rel-15, each SlotFormatCombination comprises of one or more (up to 256) slot formats, indicated by RRC parameter slotFormats. Each slot format is an integer index from 0-255, according to the predefined D/U/F pattern Table in TS38.213 for one slot duration. 

To indicate DU’s soft resource availability, the DU’s soft resource slot formats can be included in the RRC IE SlotFormatCombination which is extended to include the slot formats of the child links. We illustrate this option in Figure 4. For some rows, after the MT’s multi-slot configuration, each DU’s slot formats configuration can be added.  The maxNrofSlotFormatsPerCombination value should be extended accordingly. 
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Figure 4: Option 1 illustration
When the MT receives DCI format 2_0 with SFI indicated to use a SlotFormatComination that includes additional field on DU slot format, it would understand that two SFIs are transmitted. Those additional parameters are indications for the DU regarding how to use the soft resources for child links.  

When the MT receives DCI format 2_0 with SFI indicated to use a SlotFormatComination that does not include additional field, it would understand that only one SFI is transmitted and no soft resource is available to use for the DU.  
· Option 2: Create independent RRC-configured slot format combinations for each DU cells and extend DCI format 2_0 payload to include the slot format indications for the DU cells  
In this option, the DU that co-located with the MT will have its own RRC-configured slot formats, which can be fulfilled by creating SlotFormatCombinationsPerCell for each DU cells and extending the RRC IE SlotFormatIndicator to add the slot format combinations for the DU cells. In the meantime, the dci-PayloadSize needs to be extended if there existing indications for DU’s soft resource availability.  

[image: image5.emf]MT-cell-1  ... MT-cell-M DU-cell-1  ... DU-cell-N

positionInDCI indicator

Slot format indicators in DCI 2_0

 Figure 5: Option 2 illustration
When the MT receives DCI format 2_0 with SFI indications including DU’s slot formats, it would understand that SFIs of the DU cells are appended. Those additional parameters are indications for the DU regarding how to use the soft resources for child links.  

When the MT receives DCI format 2_0 with SFI indication only including MT’s slot formats, it would understand that no soft resource is available to use for the DU.  
· Option 3: Use a separate GC-PDCCH to transmit SFI for DU cells 
This option can be achieved by the following approached

· Assign a separate SFI-RNTI to differentiate the GC-PDCCH targeted for SFI indication for DU cells

· Configure a separate CORESET to differentiate the GC-PDCCH targeted for SFI indication for DU cells

· Configure a separate search space to differentiate the GC-PDCCH targeted for SFI indication for DU cells

When the MT receives DCI format 2_0 with CRC scrambled with the DU’s SFI-RNTI, or when the MT receives DCI format 2_0 in the CORESET configured for DU, or when the MT receives DCI format 2_0 the search space configured for DU, it would understand that soft resource is available to use for the DU and the soft resource usage is indicated by the corresponding SFI. Otherwise, the MT would understand that no soft resource is available for the DU. 

Note that all options can be further configured for per-DU or per-link configuration. For per-DU configuration, each DU is configured with the slot formats to indicate how to use soft resources in consecutive time slots of all child links. For per-link configuration, each child link of one DU is configured with slot formats to indicate how to use soft resources in consecutive time slots. 

Proposal 6: To explicitly indicate soft resource availability, use two SFI indications for parent link and child links respectively. 
5   Resource Configuration for SDM Support
For an IAB node, if SDM is supported, it can transmit signals for UL parent backhaul and DL child backhaul/DL access together, while receive signals from DL parent backhaul and UL child backhaul/UL access together. Hence, the DL-UL slot format configuration (semi-static or dynamic SFI) needs to match the DL/UL resource direction at the IAB MT and the IAB DU. For example, when a DL slot/symbol time resource allocated for an IAB MT, to support SDM, a UL slot/symbol time resource at the same timing needs to be allocated for the IAB DU at the same IAB node. 
However, for current slot formats configurations (semi-static or dynamic SFI), a DL-F-UL pattern is defined for all configurations, which will restrict the SDM support for IAB nodes. Hence, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined to support SDM. 

Proposal 7: To support SDM, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined. 

6   Conclusion

In this contribution, we discussed mechanisms for resource multiplexing among backhaul and access link. It is summarized by the following proposals. 
Proposal 1: Semi-static configuration regarding D/U/F/NA/H/S for an IAB DU can be per-DU or per-link depending on different scenarios.
· For initial configuration for an IAB DU, the DU configuration is per-DU.

· When the IAB DU starts to serve child nodes or child UEs, the DU configuration update can be per-link or per-DU.  

Proposal 2: Consider the following schemes for IAB DU’s semi-static resource configuration

Scheme 1: An IAB DU’s semi-static configuration includes two groups of indications. One resource type indication will not overlap with another resource type indication within one group.   

· Option 1: D/U/F/NA indications and H/S indications.

· Option 2: D/U/F indications and H/S/NA indications. 
Scheme 2: An IAB DU’s per-link semi-static configuration only considers H/S/NA indication; the per-link D/U/F configuration is aligned with each child link’s D/U/F configuration and no additional per-link D/U/F configuration is needed for the DU. 

Proposal 3: In case of hard DU resources, specific signals/channels to be transmitted or received by the MT in the same resource (including SS/PBCH blocks and RACH) have higher priority than DU hard resources that are not used for DU SS/PBCH transmission. 

Proposal 4: DU SS/PBCH blocks transmission should not be configured onto soft DU resources.
Proposal 5: For inter-IAB node conflict resolution, the parent IAB node should be explicitly informed of the DU’s resource configuration. The information contents are: 

· In case of TDM, DU’s hard and soft resource configuration. 

· In case of SDM/FDM, DU’s hard-downlink/hard-uplink/hard-flexible/soft-downlink/soft-uplink/soft-flexible (H-D/H-U/H-F/S-D/S-U/S-F) resource configuration.

Proposal 6: To explicitly indicate soft resource availability, use two SFI indications for parent link and child links respectively. 

Proposal 7: To support SDM, new semi-static DL-UL configuration pattern and new slot formats for dynamic SFI indication need to be defined. 

7   References

[1] Chairman’s Note RAN1 #AH1901, 2019.
[2] Chairman’s Note RAN1 #96, 2019.

[3] 3GPP TS38.213, "NR; Physical layer procedures for control".
7


MT-cell-1
...
MT-cell-M
DU-cell-1
...
DU-cell-N
positionInDCI indicator
Slot format indicators in DCI 2_0




.
.
.
...
MT
MT
MT
DU1
DU2
MT
DU1
DU2
...
...
...
MT’s multi-slot 
slot formats
DU1’s multi-slot 
slot formats
slotFormatComination #0
slotFormatComination #1
slotFormatComination #N



(a) D/U/F/NA configuration example at the DU
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