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1. Introduction
RAN1#98 is [1] made the following agreement about the resource multiplexing between the backhaul and access links,
Agreements:
· In Rel-16 for IAB backhaul, only existing slot pattern durations are supported. 

Agreements:
Slot formats with the sequence order UL-Flexible-DL are supported for IAB-node DU resource configurations (F1-AP) and IAB-node MT resource configurations provided in dedicated RRC signaling (e.g. enhancements to the existing TDD-UL-DL-SlotConfig in TDD-UL-DL-ConfigDedicated – details up to RAN2).
· FFS: Support of dynamic indication of UL-Flexible-DL
Agreements:
The H/S/NA attributes for the per-cell DU resource configuration should take into account the associated MT carrier frequency(ies).
· Note: RAN1 assumes that this is mainly needed for intra-band cases

Agreements:
To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU, the following is supported:
· H/S/NA is applied/determined relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing 
· The parent DU should know the information about the misalignment between the MT and DU DL Tx/Rx / UL Tx/Rx timing(s) in order to avoid resource type conflicts
· FFS whether any explicit signalling is necessary or not
· It is up to the parent IAB node implementation and network configuration to handle any potential resource type conflicts (e.g. MT scheduling restrictions or configuration of guard symbols). The child IAB node should handle any remaining conflicts using the existing conflict resolution rules
Agreements:
For the explicit indication of DU-IA:
· At least DU-IA can be indicated independently of the MT resource configuration:  
· FFS the DCI indicates DU-IA per-resource type (D/U/F), slot, etc.
· FFS: Whether this indication is via a new DCI format or DCI Format 2_0 using existing and/or reserved entries of Table 11.1.1-1 in 38.213
· FFS: Whether for the purpose of signaling optimization a DU/MT resource type can additionally be jointly indicated with DU-IA which overrides the flexible resources in the semi-static DU/MT resource configuration 
In this contribution, the timing mismatch between MT and DU of IAB node, and the associated issues are presented along with solutions. 
2.  Discussion
Resource multiplexing in an IAB network is aimed at (i) avoiding conflicts/interference within and between IAB nodes (ii) avoiding resource wastage and (iii) reducing latency. In a TDM scenario, the backhaul and the access link resources are multiplexed in time. The DU of IAB node is semi-statically configured with DL/UL/F/NA resources through F1-AP signaling from the CU. In addition, each of DL/UL/F resources are configured as hard or soft resource by CU through F1-AP signaling. The MT of the IAB node is configured with DL/UL/F resources through RRC signaling from the parent. Further, F resource at MT of an IAB node is dynamically configured by the parent node through SFI, that is carried on DCI Format 2_0.  The dynamic signaling of availability/non-availability (IA/INA) of soft resource to DU of the IAB node is also done by the parent node.
 Resource allocation strategies and signaling methods for following scenario are presented in subsequent sections:
· Semi-static signaling of H/S/NA for the DU of the IAB node
· Dynamic signaling of IA/INA for the soft resource at DU of the IAB node
· Dynamic configuration of flexible resource at DU of an IAB node
· Resource allocation in per-DU and per-link scenario
The conflict resolution when MT and DU of an IAB node configured with cell specific signals/channels is also discussed
3. Semi-static resource configuration
3.1 Timing mismatch between MT and DU
[bookmark: _Hlk16601244]	The timing of IAB nodes with TDM capability is illustrated in Fig. 1 below. The DL Tx and UL Rx at the DU of the IAB node follows same timing. However, the DL Rx and UL Tx at the MT of the IAB node follow different timings. Therefore, a timing mismatch exists between Tx/Rx operations in MT and DU of an IAB node, leading to overlap between adjacent slots of MT and DU of the IAB node. For example, the DL-Rx slot at MT of the IAB node exceeds the slot boundary and overlap with next slot due to propagation delay. Similarly, the UL-Tx slot overlap with previous slot because of TA. For e.g., consider the scenario illustrated in Fig. 2a, where MT of an IAB node configured as DL-Rx in slot n-1, and DU configured as DL-Tx/UL-Rx in slot n. Because of the propagation delay, the DL-Rx at MT in slot (n-1), overlap with slot n configured for DL-Tx/UL-Rx in DU. Further, the Rx-Tx switching time also adds to overlap between slots. Because of the half duplex constraint, either BH or child/access link will be active during the overlap period. RAN1#98 has agreed that the parent node should leave enough symbols as guard to avoid overlap between slots [1]. Therefore, in Fig. 2a, DU of the parent node should not Tx in the overlapping portion of slot n-1. Therefore, the DU of the parent node cannot use the entire slot n-1, even if it is configured as hard/soft with IA. Similarly, when DU of the IAB node is configured for DL-Tx/UL-Rx in slot n, and the MT is configured for UL-Tx in slot n+1, as in Fig. 2b, MT cannot Tx in the overlapping period. Therefore, the parent node should not schedule in the initial portion of UL-Tx for slot n+1. Therefore, the DU of the parent node cannot use the entire slot n+1, even if it is configured hard/soft with IA. Thus, configuring DU as hard/soft with IA implies an IAB node can use the resource for Tx/Rx without impacting any other slot of its child node other than the corresponding slot.  
Observation 1: There exist a timing mismatch between various Tx/Rx in DU and MT of an IAB node, resulting in overlap between DU and MT slots
Observation 2: The availability of a slot configured as hard/soft with IA for DU of an IAB node is subject to timing mismatch between MT and DU of its child node and the direction of Tx/Rx  
Observation 3: An IAB node uses the resource configured as hard/soft with IA for Tx/Rx in its child/access link without impacting any other slot of its child node other than the corresponding slot.  
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Fig. 1: Timing of various Tx/Rx in an IAB node with TDM capability
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Fig. 2: Timing mismatch between MT and DU of IAB node creating overlap between adjacent slots
[bookmark: _Hlk16601613]The timing mismatch between MT and DU of IAB node is resulting due to the propagation delay between nodes. In [1], it is agreed that enough guard symbols need to be inserted at the MT of the IAB node, to compensate for the timing mismatch. Therefore, the number of guard symbols is a function of propagation delay between the nodes in backhaul or access link. Further, the duration of the guard symbols should be high enough to support Tx-Rx switching at the IAB node. For e.g., in Fig. 2a, if DU of IAB node is configured as DL-Tx in slot n, then IAB node must switch from DL-Rx in slot n-1 to DL-Tx in slot n. Therefore, the DL-Rx in slot n-1 should terminate well in advance such that the IAB node can start DL-Tx at the start of slot n. The resource configuration for MT of the IAB node is given by the parent. Therefore, the DU of the parent node should be aware of the timing mismatch at the IAB node, the Tx-Rx switching time required at the IAB node and the resource configuration of DU of the IAB node for configuring guard symbols with appropriate length to MT of the IAB node. The propagation delay between parent node and the IAB node is estimated by the parent node, with the help of reference signals, which are already known. The DU of the IAB node is configured DL/UL/F by the CU through F1-AP signaling, through parent node. The parent node must decode the resource configuration message in F1-AP signal for the associated child IAB node, to find out the configuration of DU of child IAB node. Therefore, existing signaling can be reused in conveying necessary information, to calculate duration of guard symbols, to parent node, and no explicit signaling is needed.
Proposal 1: Parent node schedules guard symbols of appropriate duration in the Tx/Rx  to/from the MT of a child IAB node based on 
· Propagation delay between parent node and child IAB node 
· Configurations of DU of associated child IAB node 
· Tx-Rx switching time required at the associated IAB node
· Numerology used for communication in backhaul and child/access links of the associated IAB node
Proposal 2: No explicit signaling is required from IAB node to convey parent node regarding the duration of the required guard symbols
The guard period required at the IAB node for switching from one configuration to another is summarized in Table 1. Here, Ts denotes the time required for switching between transmission and reception (and vice versa), whereas T1 denotes the propagation delay in backhaul link.
Table 1: The Guard period required at IAB node for various switching
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4. Dynamic resource configuration
Dynamic resource allocation includes the following aspects:
· Configuration of the ‘F’ resource at MT of the IAB node by the parent node 
· Configuration of the ‘F’ resource at the DU of the IAB node by the scheduler at the IAB node
· The IA/INA signaling for the soft resource at DU from the parent IAB node.
Like the semi-static case discussed above, the dynamic signaling should take care of various factors to improve the overall throughput and latency of the system, especially in multi-hop scenario with varying node capabilities. This section discusses various issues associated in dynamic resource allocation along with possible solutions
4.1 Configuring F resource
The scheduler at the IAB node dynamically configures the F resource at DU of the IAB node based on following aspects
· H/S flavour of F resource: The scheduler at the IAB node will configure F resource only when it is hard flexible or soft flexible with IA
· Tx/Rx occasion of cell specific signal/channel at the DU of the IAB node: If the F slot falls under the periodic transmission/reception instant of a cell specific signal such as SSB/RACH/CSI-RS, then it needs to be given priority. The F resource should be configured based on the direction of the cell specific signal/channel
· DU configuration at the child node: If DU of the child node is configured as H, then the IAB node cannot Tx/Rx from the MT of that child node. The IAB node should be aware of the H/NA configuration of the child DU in order to configure the F resource at its DU.
The parent node should configure F resource at MT of an IAB node based on following rules:
· Configuration of parent DU: The F resource at MT of the IAB node is configured as DL/UL only if the parent DU is configured as H or S with IA
· Configuration of DU of the IAB node: The DU of the IAB node should be configured as S without IA or NA
· Tx/Rx occasion of cell specific signal/channel: The F resource will be given DL/UL direction such that cell specific signal/channel Tx/Rx occur in MT of the IAB node. If DU of the IAB node is configured for Tx/Rx of cell specific signal/channel, then DU gets priority and F resource at MT will not be configured. 
The timing mismatch issue in IAB node is handled by parent node by inserting enough guard symbols. However, the parent node must be aware of the configuration of DU of the associated IAB node, in order to calculate the number of guard symbols while scheduling MT of IAB node. Consider the scenario illustrated in Fig. 3a, where MT of an IAB node is configured as DL-Rx in slot n-1 and DU is configured as F in slot n. Because of the propagation delay between the parent node and the IAB nodes, slot n-1 of MT of the IAB node overlap with slot n of DU of IAB node. Based on the agreement in [1], the parent DU will not transmit in the last few symbols of slot n-1, so that overlap between MT and DU (of IAB node) in slot n-1 and slot n is avoided. However, the duration of the guard symbols at the end of slot n-1 depends on the configuration of DU in slot n. For e.g., if DU is configured as DL-Tx, then the duration of guard symbols should incorporate propagation delay between the nodes, and the Tx-Rx switching time, whereas duration of guard symbols depends only on the propagation delay between nodes, if DU is configured as UL-Rx in slot n. Similar is the case with the scenario illustrated in Fig. 3b. In the figure, the duration of the guard symbols at the start of slot n+1 is equal to the propagation delay T1, if DU is configured as DL-Tx in slot n, whereas the duration of guard is equal to T1+Ts if  DU is configured as UL-Rx in slot n. Therefore, the parent node must be aware of the configuration of DU of the associated IAB node to insert guard symbols of enough duration at the start or end of the slot. However, the scheduler at the IAB node dynamically configures direction (i.e., DL/UL) for the F symbols at the DU, and therefore, the parent node is unaware of the dynamic configuration of F symbols at the DU of the associated IAB node. Two methods are proposed  to overcome this issue (1) An additional signal needs to be defined from IAB node to its parent node to convey information regarding the dynamic configuration of F resource at the DU, and (2) The parent DU should always set the guard duration as the maximum, i.e., T1+Ts. The first method involves much standardization effort, whereas second method leads to resource wastage in certain scenarios.
Observation 4: The parent node is unaware of the dynamic configuration given to F resource at DU of the associated IAB node, and there exist an ambiguity over the duration of guard symbols needed to overcome timing mismatch issue in that scenario
Proposal 3: In the absence of child DU configuration, the parent nodes inserts guard symbols of maximum duration, to avoid timing mismatch issue between DU and MT of IAB node 
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Fig. 3 Timing mismatch issue when DU of an IAB node is configured as F
4.2 Signalling of IA/INA
[bookmark: _Hlk16605339]The availability of the resource configured as soft for the DU of the IAB node is under the control of parent node. When the parent node is not using the resource for communicating with the MT of the IAB node, the parent node will signal IA to the IAB node, and the DU of the IAB node will use the soft resource for communicating in the child/access link. This method of signalling IA is known as explicit indication of availability. The IAB node can itself derive the IA by monitoring DCI under the following conditions:
· the lack of uplink scheduling grant at the MT
· no data available for MT transmission
· the configured MT search space, 
· configured reference signal (RS) measurement occasions 
This method of deriving IA is known as implicit indication of availability. From the discussion, the implicit signaling of IA is derived by monitoring DCI. Therefore, implicit signaling corresponds to MT slot structure. 
Observation 5: The implicit indication of IA/INA is with reference to MT resource configuration
The DU of the IAB node can use the soft resource for communicating with child/access link, when the MT of the IAB node is not using the same resource for communication in the backhaul link. However, the slot structure at the MT of the IAB node will vary according to resource configuration given to MT in adjacent slots, as indicated in FIG. 4. In Fig. 4a, the MT of an IAB node is configured for UL-Tx in slot n and slot n+1, the corresponding DU is configured as soft in slot n. Consider the scenario in which the parent node is  not communicating with MT of IAB node in slot n, then the backhaul link of IAB node is free and the parent node gives IA for the IAB node for the entire duration marked as TIA in Fig. 4a. However, the DU can use the resource for Tx/Rx only within the boundaries of slot n. Again, if MT is configured for UL-Tx in slot n+1, then MT should leave initial portions of slot n+1 as guard period. Similar is the scenario when MT configured as DL-Rx in slot n is not used for communication in the backhaul link, and the DU is configured as soft in slot n, as indicated in Fig. 4b. The parent DU signals IA according to MT slot structure for the duration indicated as TIA. However, the DU will Tx/Rx within the boundaries of slot n. If MT of the IAB node is configured as DL-Rx in slot n-1, then it should leave last few symbols of slot n-1 as guard symbols. Therefore, the signaling of IA/INA is with reference to MT timing, based on which the child node evaluates the actual duration of availability of soft resource. Along with signaling IA for a soft slot at DU of child node, the parent node should insert guard symbols in the adjacent slots according to the configuration of MT. 
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Fig. 4: Signaling of IA for soft resource and its validity duration  
Observation 6: The actual duration over which the DU of the IAB node can use the soft with IA resource to communicate in child/access link depends on the configuration of DU in current, previous, and upcoming slots 
[bookmark: _Hlk16589572]Proposal 4: The signalling of IA/INA should be based on the resource configuration of MT in current, previous, and upcoming slots, based on which the IAB node derives the duration over which the resource is available for DU for Tx/Rx in child/access link depending on the configuration of DU in current, previous, and upcoming slots
Proposal 5: The signalling of IA/INA for the soft resource at DU of an IAB node is associated with a validity duration, which is a fixed value or value configured dynamically
When IAB node is not communicating with MT of the child node, there are two ways to signal IA to the child IAB node
1. IAB node signals IA to child node irrespective of the DU configuration (H/S/NA) of the child node, and the child node uses the resource in its child/access link if its DU is configured as soft
2. IAB node signals IA to only those IAB nodes whose DU is configured as soft
In first method, the IAB node need not be aware of the location of the slots configured as soft for the child DU.  However, this leads to unnecessary signaling if the DU of the child node is configured as NA. The second method has the advantage of reducing signaling overhead, as the IA signaling is given only to those child nodes which can use the resource. However, the slots configured as soft at the child node should be known at the IAB node. 
Proposal 6:  IAB node signals IA to the child node when it is not communicating with the MT of child node, irrespective of the DU configuration (H/S/NA) of the child 
The dynamic configuration for F resource at MT of an IAB node is given by the parent node through DCI. The slot format indicator (SFI) configure resource pattern for various symbols in the F slot at the MT. The same SFI format can be used for explicit signaling of IA for the soft resource at DU as well. For example, consider MT of the IAB node is semi-statically configured as F. If the parent node is not communicating with the IAB node in that slot, then parent node configures the slot as F in dynamic configuration as well. Hence, the slot is configured as F in both semi-static and dynamic configuration, and that implies parent is not communicating with MT of the IAB node in that slot. Therefore, DU of the IAB node can use the resource for communicating in the child/access link. The parent node signals explicit IA for soft resource by configuring the corresponding resource at MT of the child node as F in both semi-static and dynamic resource allocations. There is no need to define new resource type and modify the existing Table 11.1.1-1 in 38.213, to signal IA
Proposal 7: A parent node signals explicit IA for the soft resource at DU of the IAB node by configuring the corresponding resource at MT of the child node as F in both semi-static and dynamic resource allocations 
Proposal 8: A parent node signals explicit IA for the soft resource at DU of the IAB node through slot format indicator (SFI) in the DCI Format 2_0, using existing entries of Table 11.1.1-1 in 38.213
	The F resource at DU of an IAB node is configured DL/UL direction based on the configuration of MT of the IAB node, the resource configuration of DU of the child node. However, the configuration of the child node is available only at the IAB node. Therefore, in case of parent node signaling DU resource type of IAB node along with DU-IA, the IAB node should inform to its parent node about the configuration of its child node. However, this leads to additional signaling. Therefore, there is no need to signal DU resource type along with DU-IA. 
Observation 7: In case of parent node signaling DU resource type of IAB node along with DU-IA, the IAB node should inform to its parent node about the capability and configuration of its child node, leading to signaling overhead
Observation 8: The scheduler at the IAB node configures resource type for the F resource at DU 
	In case the child DU is configured as soft-UL, the child DU should schedule the resource for its child nodes apriori, in order to account for the UL preparation time, so that the UL transmission can take place. If IA for the soft resource is received in the same slot, then DU cannot communicate with its child and schedule the resource, as it is an UL slot. Therefore, IA is required before hand in case of the soft-UL resource. Based on the above discussion, implicit indication cannot be available beforehand. Thus, only explicit signaling can be used for the IA of soft-UL slot at the child node and the location of Soft-UL slots at the child should be known to the parent node beforehand. Explicit signaling should be for the current slot, aggregated slots or future slot. Again, the parent should indicate the duration for which IA is valid.
[bookmark: _Hlk16589585]Proposal 9: The slots where child DU is configured as soft-UL should be known to parent DU apriori, in order to provide the explicit signaling of IA in advance.	
5. Conclusion 
Observation 1: There exist a timing mismatch between various Tx/Rx in DU and MT of an IAB node, resulting in overlap between DU and MT slots
Observation 2: The availability of a slot configured as hard/soft with IA for DU of an IAB node is subject to timing mismatch between MT and DU of its child node and the direction of Tx/Rx  
Observation 3: An IAB node uses the resource configured as hard/soft with IA for Tx/Rx in its child/access link without impacting any other slot of its child node other than the corresponding slot.  
Proposal 1: Parent node schedules guard symbols of appropriate duration in the Tx/Rx  to/from the MT of a child IAB node based on 
· Propagation delay between parent node and child IAB node 
· Configurations of DU of associated child IAB node 
· Tx-Rx switching time required at the associated IAB node
· Numerology used for communication in backhaul and child/access links of the associated IAB node
[bookmark: _GoBack]Proposal 2: No explicit signaling is required from IAB node to convey parent node regarding the duration of the required guard symbols
Observation 4: The parent node is unaware of the dynamic configuration given to F resource at DU of the associated IAB node, and there exist an ambiguity over the duration of guard symbols needed to overcome timing mismatch issue in that scenario
Proposal 3: In the absence of child DU configuration, the parent nodes inserts guard symbols of maximum duration, to avoid timing mismatch issue between DU and MT of IAB node 
Observation 5: The implicit indication of IA/INA is with reference to MT resource configuration
Observation 6: The actual duration over which the DU of the IAB node can use the soft with IA resource to communicate in child/access link depends on the configuration of DU in current, previous, and upcoming slots 
Proposal 4: The signalling of IA/INA should be based on the resource configuration of MT in current, previous, and upcoming slots, based on which the IAB node derives the duration over which the resource is available for DU for Tx/Rx in child/access link depending on the configuration of DU in current, previous, and upcoming slots
Proposal 5: The signalling of IA/INA for the soft resource at DU of an IAB node is associated with a validity duration, which is a fixed value or value configured dynamically
Proposal 6:  IAB node signals IA to the child node when it is not communicating with the MT of child node, irrespective of the DU configuration (H/S/NA) of the child 
Proposal 7: A parent node signals explicit IA for the soft resource at DU of the IAB node by configuring the corresponding resource at MT of the child node as F in both semi-static and dynamic resource allocations 
Proposal 8: A parent node signals explicit IA for the soft resource at DU of the IAB node through slot format indicator (SFI) in the DCI Format 2_0, using existing entries of Table 11.1.1-1 in 38.213
Observation 7: In case of parent node signaling DU resource type of IAB node along with DU-IA, the IAB node should inform to its parent node about the capability and configuration of its child node, leading to signaling overhead
Observation 8: The scheduler at the IAB node configures resource type for the F resource at DU 
Proposal 9: The slots where child DU is configured as soft-UL should be known to parent DU apriori, in order to provide the explicit signaling of IA in advance.
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