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1	Introduction
The study of Integrated Access and Backhaul (IAB) is an essential component of NR deployments providing a mechanism to achieve coverage and reliability targets in the absence of wired backhaul connection. This contribution deals with resource allocation aspects between access and BH links. More specifically, we consider the following objectives of the approved IAB study item [1]: 
•	Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 
· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time,                                                                                                                                                                    frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation.

Relevant agreements made in RAN1#93 [2] and RAN1#94 [3] are listed in the Appendix.
2	Schedulable resources for IAB child link(s) 
Figure 1 [3] shows basic connections between the IAB nodes and access UEs. From the middle IAB node perspective there will be parent BH links as well as child BH and access links, all for both UL and DL. According to agreements made in RAN1#93 [2]:
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
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[bookmark: _Ref524610462]Figure 1 Definition of the IAB nodes and links between IAB nodes and access UEs


Based on the agreements above, IAB Child link operates with the set of schedulable resources obtained from the parent IAB or IAB Donor. The question considered in this Section is: how to determine schedulable resources for the IAB Child links? 




2.1. NR Rel-15 approach

In the following we analyse the slot configuration principles of NR Rel-15, captured in TS 38.213, Section 11.1. The slot configuration is made by means of the following signals:
· RRC: TDD-UL-DL-ConfigurationCommon
· RRC: TDD-UL-DL-ConfigurationDedicated
· PDCCH: DCI format 2_0

There are three resource types based on Rel-15 slot configuration: DL, UL and Flexible. All resources are flexible by default, unless otherwise configured. 
Figure 2 shows an example how the existing resource types can be used in the IAB scenario with TDM between access and backhaul. TDD-UL-DL-ConfigurationDedicated (and/or TDD-UL-DL-ConfigurationCommon) provides resources for 
· DL  DL Parent BH (the first slot of P slots)
· UL  UL Parent BH (the last slot of P slots)
The rest are Flexible symbols, i.e. resources potentially available for IAB Child link(s). In the current example, IAB node has allocated two flexible slots for DL Child link(s) and one flexible slot for UL Child link(s), respectively.
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Figure 2. Example showing slot format configuration, TDM between Parent BH and Child links.  

Based on the rules defined in TS 38.213, Flexible symbols can be used as schedulable resources for IAB Child links, provided that:
· DCI 2_0 (if configured/detected) does not indicate that flexible symbols are used as DL or UL (i.e. for Parent BH links)
· IAB node has not received an indication (DCI or higher layer config) to receive PDCCH, PDSCH or CSI-RS (in the DL Parent BH link) during flexible symbols
· IAB node has not received an indication (DCI or higher layer config) to transmit PUSCH, PUCCH, PRACH or SRS (in the UL Parent BH link) during flexible symbols.
DCI 2_0 can be used to facilitate dynamic resource allocation between Access and Backhaul by overriding Flexible symbols/slots by DL or UL symbols/slots.
Observation 1: Slot configuration depicted in TS 38.213 can be used to determine schedulable resources for IAB nodes in the TDM scenario:
· Flexible resources can be used for IAB Child link(s) only when pre-defined (Rel-15) conditions are fulfilled
· Flexible resources have inbuilt support for dynamic allocation between Parent BH and Child links.




2.2. Feasibility of Rel-15 approach 

As discussed in Section 2.1, slot configuration depicted in TS 38.213 can be used to determine schedulable resources for an IAB node at least in the case of TDM between Parent BH and Child links. We think that the existing slot configuration is a good starting point for IAB scenario, and it makes sense to reuse the signalling principles such layered structure (with TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigurationDedicated, DCI format 2_0), adaptation periods, granularities etc. as much as possible. 

Proposal 1: Adopt signalling principles used for NR Rel-15 slot format indication (layered structure, adaptation periods, granularities, etc.) also for the IAB scenario. 

At the same time, we must recognize that the current approach has not been designed for IAB scenario and there are potential issues that needs to be identified. For example: 
· Rel-15 signalling does not support link direction alignment (or other interference coordination) between different links. This means that additional signalling on top of NR Rel-15 is required in any case.
· Slot configuration based on Rel-15 contains coupling between Parent BH and Child links. 
· According to Rel-15 rules, parent BH link has always the highest priority
· Parent node may suffer from scheduler restrictions for the Parent BH link e.g. when ensuring that periodic signals & PDCCH monitoring occasions for the IAB node are always outside the flexible resources (otherwise those flexible resources cannot be used for Child link).
· IAB node may have difficulties to configure resources for cell common signals SSB, PRACH and CORESET#0 as they must be always within the flexible resources. Dynamic capacity allocation between access and BH may worsen the situation.
· There is a need for common framework to cover different duplexing schemes (TDM/FDM/SDM, full duplex)
Based on the discussion above, we make the following observation:
Observation 2: Resource types defined in NR Rel-15 are not sufficient for IAB operation.

 
2.3. Possible improvements 

Figure 3 shows possible resource types for different IAB scenarios. The main difference between NR Rel-15 and IAB scenarios is the following:
· NR Rel-15 defines the resource type only for one link
· In the IAB scenarios, the resource types should define the functionality for two involved links: Parent BH and Child link(s).
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Figure 3. Resource types for different IAB scenarios.  

In the following, we discuss the resource types of Figure 3 in more details. 
· Type A, B: Resources for Parent BH links (DL, UL). Child link(s) are not available with these resource types.
· Type C: Flexible resources
· The resource availability for the Child link(s) depends on the resource usage of the Parent BH link (i.e. Parent BH link has the priority) as well as the duplexing scheme of the IAB node. NR Rel-15 rules defined for flexible resources can be used as the basis for determining whether the IAB node has a valid resource allocation for Parent BH link or not.
· TDM between access and BH: if flexible resource is occupied by Parent BH link, it is not available for Child links (and vice versa).
· FDM/SDM between access and BH: 
· if flexible resource is occupied by DL parent BH link, it is available for UL Child link(s) 
· if flexible resource is occupied by UL parent BH link, it is available for DL Child link(s)
· if flexible resource is not occupied by Parent BH link, it is available for DL Child or UL Child link(s).
· Type 1, 2, 3: Resources for Child link(s): DL Child, UL Child. 
· These resources are available for Child links only
· As starting point, DL (UL) Child link is available for both DL Child BH and DL Child Access. Based on the discussion in RAN1#94, Child BH and Child Access link may need to be TDM'ed with each other. This creates additional resource types: DL/UL Child BH (Type 1a/Type 2a), and DL Child Access (Type 1b/Type 2b)
· IAB node can determine the link direction for Type 3 resource: the resource is flexible between Child DL and Child UL
· Type 4: “IAB Reception” for the case with FDM/SDM between Parent BH and Child links
· Type 5: “IAB Transmission” for the case with FDM/SDM between Parent BH and Child links 
· Type 6-9: Combinations available for Full duplex scenarios.  

Resource types 1-3 have priority over Flexible resources (Type C). For example, when the IAB node has determined schedulable resources for IAB Child link for certain time instant/PRB, it may ignore (or drop) all UL/DL resource allocations and PDCCH monitoring occasions corresponding to the Parent BH link(s).
Resource types 4-5 can indicate schedulable resources for IAB Child link(s) in the case of FDM and SDM between access and BH. It should be possible to allocate also resource types A, B, C as well as 1-3 for IAB nodes supporting FDM/SDM between Parent BH and Child links(s).
Resource types 6-9 can provide resources for IAB Child link(s) in the case of when IAB node supports full duplex operation between access and BH.
Parent node may use dynamic signalling (such as DCI 2_0) to adapt Type C resources in dynamic manner to other resource types (e.g. Type A, B, Type 1-9). This can facilitate dynamic capacity adaptation between Parent BH and Child links(s) but it will require that new slot format types are defined for DCI 2_0 (reserved SFIs 56-254 can be used for this).
Based on the discussion above, we make the following proposals:
Proposal 2: Support the following resource types for IAB node, based on NR-Rel-15
· Type A: Resources for DL Parent BH link 
· Type B: Resources for UL Parent BH link 
· Type C: Flexible resources available for DL/UL Parent BH and DL/UL Child link(s)

Proposal 3: Support the following resource types for IAB nodes:
· Type 1: Resources for DL Child link(s) 
· Type 2: Resources for UL Child link(s)
· Type 3: Flexible resources available for UL or DL Child link(s)
· Type 4: Resources available for DL Parent BH link and UL Child link(s)
· Type 5: Resources available for UL Parent BH link and DL Child link(s)

Proposal 4: Support additional slot formats for DCI 2_0 according to resource Types 1-5 

Proposal 5: Discuss the need for resource types supporting full duplex operation at the IAB node


2.4. Resource pool coordination 

It was agreed in RAN1#93 that distributed and centralized coordination mechanisms between IAB-donor and IAB-nodes should be studied. Resource pool coordination covers both frequency domain (with granularity of one PRB) and time domain (with granularity of one OFDM symbol). The semi-static coordination scheme depends on the architecture and protocol choices:
· L2 architecture operates according to centralized coordination. In the case of centralized coordination, IAB-donor configures the resource usage for multiple hops. For this scenario, RRC signalling may need to be enhanced to support multiple hops with centralized resource coordination.
· L3 architecture operates according to distributed coordination.

Parent node is responsible for DL/UL scheduling for the BH link within the configured resource pool (and according to the agreements made in RAN1#93). Parent node is responsible also for the dynamic resource pool adaptation between access and backhaul. 
Observation 3: The semi-static resource pool coordination scheme (distributed, centralized) depends on the architecture and protocol choices.

Observation 4: Depending on the IAB architecture and protocol choices, RRC signalling may need to be enhanced to support multiple hops with centralized resource pool coordination.
                                                                                                                                                                                                                                                               
3	Resource allocation granularity: slot vs. mini-slot
In the following, we consider resource allocation for half-duplex IAB scenario with TDM between access and backhaul. Figure 4 illustrates a scenario where four separate slots provide the four IAB links: DL Parent BH, UL Parent BH, Child DL Access and Child UL Access. Resource usage in the example of Figure 4 is based on bi-directional slots. This provides improved control channel capacity and latency compared to one-directional slots. Bi-directional slots also contain the GP, which facilitates the needed Rx/Tx switching at the IAB-node (operating according to half-duplex constraint).

When considering TDD and millimetre wave scenarios based on NR Rel-15 numerology, the slot length is either 250 us or 125 us depending on the subcarrier spacing. This indicates that IAB based on bi-directional slots can provide a solid performance also from the latency point of view. The slot-based operation also minimizes the DMRS and GP overhead.

Observation 5: Bi-directional slots allocated to different IAB links is a feasible resource allocation approach NR IAB operation.
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Figure 4. Example of slot-based operation with bi-directional slots.

Figure 5 illustrates an example where four separate IAB resources are created by means mini-slots. Mini-slot based approach can be seen as an implementation option available for IAB operation. The specification support is in place already based on NR Rel-15. Mini-slot approach allows to further minimize the latency resulted in the IAB backhauling. However, the latency improvement due to mini-slot is not a free lunch as it will increase the system overhead (GP/DMRS) in both access and BH links. Furthermore, latency is heavily impacted by the RN processing capability as discussed in Section 5. 
 
Observation 6a: Mini-slot based resource allocation between different IAB links can be supported based on NR Rel-15.
Observation 6b: The usage of mini-slots comes at the cost of higher overhead and higher processing requirements lowering the achievable benefits, and increased complexity/cost of the IAB-node.
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Figure 5. Example of non-slot based operation with 7 symbol mini-slots.


4	Multi-hop support and IAB-node processing times
It is stated in [1] that “The 5G network shall support multi-hop wireless self-backhauling”. Figure 6 illustrates an exemplary multi-hop resource allocation for half-duplex IAB scenario with TDM between parent BH and Child links. This example assumes semi-static resource pool configuration and equal split between DL Parent BH, UL Parent BH, Child DL Access and Child UL Access slots. This example contains only up-to three hops but it can be easily extended with additional hops. It can be noted that in this scenario (half-duplex, TDM btw Parent BH and Child links) hop (k) and hop (k+2) are always serving the same link. 
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Figure 6. An exemplary multi-hop scenario.

Figure 6 also shows PDSCH/PUSCH timing between DgNB and UE connected to the last IAB-node. In this example, the delay between the IAB-donor and IAB-node access links increases by 2 slots per direction by adding another hop. The following assumptions have been made for the HARQ/scheduling timing in this example.
· Self-scheduling for PDSCH (K0=0)
· HARQ-ACK delay is 1 slot (K1=1)
· PUSCH scheduling delay is 1 slot (K2=1). 

UE processing time defined in NR Rel-15, in terms of parameters N1 and N2, can be considered as the starting point for defining the IAB processing times. Table 1 shows the UE processing time for 60 kHz and 120 kHz SCS defined in NR Rel-15.
· N1: end of PDSCH to the earliest possible start of HARQ-ACK
· N2: End of PDCCH to the earliest possible start of PUSCH
It can be noted that example shown in Figure 6 assumes that RN can support N1/N2 on the order of 14 symbols. This requires that IAB-node has more processing capability compared to Baseline UE category according to NR Rel-15.
Table 1. UE processing time defined in NR Rel-15
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For IAB deployment there is a need to consider also the IAB-node processing times at least for the following cases: 
· N3: end of PDSCH in hop (k) to earliest possible start of PDSCH transmission in hop (k+1)
· N4: end of PUSCH in hop (k+1) to earliest possible start of PUSCH transmission in hop (k)
It can be noted that example shown in Figure 6 assumes that IAB can support N3/N4 on the order of 14 symbols.

Observation 7: IAB-node processing capability impacts to the overall IAB latency performance especially in the multi-hop scenarios.
5	Conclusions
In this contribution, we have discussed resource allocation aspects between Parent BH and Child links. The main question was: how to define schedulable resources for IAB Child links? Based on the discussion, we make the following proposals and observations:

Proposal 1: Adopt signalling principles used for NR Rel-15 slot format indication (layered structure, adaptation periods, granularities, etc.) also for the IAB scenario. 
Proposal 2: Support the following resource types for IAB node, based on NR-Rel-15
· Type A: Resources for DL Parent BH link 
· Type B: Resources for UL Parent BH link 
· Type C: Flexible resources available for DL/UL Parent BH and DL/UL Child link(s)
Proposal 3: Support the following resource types for IAB nodes:
· Type 1: Resources for DL Child link(s) 
· Type 2: Resources for UL Child link(s)
· Type 3: Flexible resources available for UL or DL Child link(s)
· Type 4: Resources available for DL Parent BH link and UL Child link(s)
· Type 5: Resources available for UL Parent BH link and DL Child link(s)
Proposal 4: Support additional slot formats for DCI 2_0 according to resource Types 1-5
Proposal 5: Discuss the need for resource types supporting full duplex operation at the IAB node

Observation 1: Slot configuration depicted in TS 8.213 can be used to determine schedulable resources for IAB nodes in the TDM scenario:
· Flexible resources can be used for IAB Child link(s) only when pre-defined (Rel-15) conditions are fulfilled
· Flexible resources have inbuilt support for dynamic allocation between Parent BH and Child links.
Observation 2: Resource types defined in NR Rel-15 are not sufficient for IAB operation.
Observation 3: The semi-static resource pool coordination scheme (distributed, centralized) depends on the architecture and protocol choices.
Observation 4: Depending on the IAB architecture and protocol choices, RRC signalling may need to be enhanced to support multiple hops with centralized resource pool coordination.
Observation 5: Bi-directional slots allocated to different IAB links is a feasible resource allocation approach NR IAB operation.
Observation 6a: Mini-slot based resource allocation between different IAB links can be supported based on NR Rel-15.
Observation 6b: The usage of mini-slots comes at the cost of higher overhead and higher processing requirements lowering the achievable benefits, and increased complexity/cost of the IAB-node.
Observation 7: IAB-node processing capability impacts to the overall IAB latency performance especially in the multi-hop scenarios.
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The following agreements were related to resource allocation were made in RAN1#93 [2]:
Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS

Agreements:
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
· Semi-static (on the timescale of RRC signalling) 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 signalling (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.

The following agreements were related to resource allocation were made in RAN1#94 [3]:

Agreements:
Capture the following definitions in the TR:
· Access link: a link between an access UE and an IAB node or IAB donor (LA,DL or LA,UL)
· Backhaul link: a link between an IAB node and an IAB child node (LC,DL or LC,UL)or IAB parent node (LP,DL or LP,UL)
· Note: the IAB node may have its functions for UL access and child BH respectively in the same location or different locations, which is not the scope of RAN1 discussion
· Note: For a given BH link for an IAB node, it may be a parent BH or a child BH, depending on the topology/architecture, which is not the scope of RAN1 disucssion

[image: ]
Agreements:
An IAB node can support the following cases using existing MU-MIMO or sectorization mechanisms:
· Case A: multiplexing of DL transmissions to access UEs and child IAB nodes 
· Case B: multiplexing of UL transmissions from access UEs and child IAB nodes

Agreements:
Clarify the SDM/FDM scenario definition: 
· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)
· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)

Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes
Agreements:
· For the support of TDM, at least the following cases are supported:
	
	TDM Between:
	

	Case
	Link 1
	Link 2
	Supported by a pattern?

	1
	LP,DL
	LC,DL
	Yes

	2
	LP,UL
	LC,UL 
	Yes

	3
	LP,DL
	LC,UL
	Yes

	4
	LP,UL
	LC,DL 
	Yes

	5
	LP,DL
	LA,DL 
	Yes

	6
	LP,UL
	LA,UL 
	Yes

	7
	LP,DL
	LA,UL
	Yes

	8
	LP,UL
	LA,DL 
	Yes

	9
	LP,DL
	LA,DL and LC,DL
	Yes

	10
	LP,UL
	LA,UL and LC,UL
	Yes

	11
	LP,DL
	LA,UL and LC,UL
	Yes

	12
	LP,UL
	LA,DL and LA,DL
	Yes

	13
	LC,DL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	14
	LC,UL
	LA,UL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	15
	LC,DL
	LA,UL
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	16
	LC,UL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements



Note: A given pattern may include support for multiple cases, details FFS.
At least for Cases 1-12, an IAB node is configured with IAB-node specific resources in time available for the links:
· Further study details of the adaptation period and granularity (e.g. slot or symbol-level) of the pattern provided to the IAB node, including
· Explicit or implicit indication of the resources
· Enhancements to existing signaling mechanisms to indicate the pattern
· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links, including
· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources
· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)
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