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Introduction
As part of the Work Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to support solutions for efficient operation of integrated access and wireless backhaul for NR including the following requirements:
1. Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
This contribution discusses the design considerations for the multiplexing of access and backhaul links.
Frame Structure Design for Access and Backhaul Multiplexing
An example of a network with integrated access and backhaul links is shown in Figure 1 below. The operation of the different links may be on the same or different frequencies (also termed ‘in-band’ and ‘out-band’ relays). Each IAB node has both DU functionality (IAB-DU) as well as UE-like functionality (IAB-MT). The relay is connected to an IAB node of a higher hop order in a similar way as a UE, while the IAB node serves relay UEs inside IAB nodes of lower hop orders or its own access UEs.
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Figure 1: Integrated access and backhaul links 
In addition, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint as shown in Figure 2, which means they can only do the following at any given time:
1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) 
2. Transmit on the access link and/or backhaul link 
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Figure 2: Half-duplex constraint at the relay
The remaining sections of this document focus on solutions for IAB to enable efficient multiplexing of backhaul and access links operating on the same frequency to accommodate half-duplex constraints and avoid/mitigate interference.

Semi-static frame structure coordination
A key advantage of IAB is that backhaul and access are integrated and multiplexed in the scheduler, allowing very dynamic resource allocation between the backhaul and access links (in both DL and UL directions). Even though the IAB relay node consists of two logical nodes each with its own protocol stack, the physical transceiver is shared between them. In other words the PHY of the MT and the PHY of the DU run on the same transceiver systems. The backhaul link and the access link can therefore be multiplexed in the following manner: 
1. Time Division Multiplexing: The access link and the backhaul link are time multiplexed with each other. This implies that IAB-MT PHY and IAB-DU PHY are not active simultaneously. 
2. Frequency Division Multiplexing: The access link and the backhaul link are active at the same time but on different frequency resources, e.g. on separate CC or on separate PRB on the same CC. 
3. Spatial Multiplexing: The access link and the backhaul link are active at the same time on the same frequency resources. This case further be divided in to the two following cases: 
a. Intra Panel SDM: The access and backhaul use the same panel but different spatial layers
b. Inter Panel SDM: The access and backhaul use different panels

TDM multiplexing is the main priority of the IAB WI, however forward compatibility towards support of FDM/SDM must also be ensured in the design of the signalling and coordination mechanisms, as shown in Figure 3 where a frame-structure across the multiple hops is staggered to achieve this objective.
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Figure 3: IAB frame structure
The following was captured in the TR 38.874 [2]:
[bookmark: _Hlk527574480][bookmark: _Hlk527573589]From an IAB-node MT point-of-view, as in Rel. 15, the following time-domain resources can be indicated for the parent link:
-	Downlink time resource;
-	Uplink time resource;
-	Flexible time resource.
From an IAB-node DU point-of-view, the child link has the following types of time resources:
-	Downlink time resource;
-	Uplink time resource;
-	Flexible time resource;
-	Not available time resources (resources not to be used for communication on the DU child links).
Each of the downlink, uplink and flexible time-resource types of the DU child link can belong to one of two categories:
-	Hard: The corresponding time resource is always available for the DU child link; 
-	Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.

During RAN1 NR Adoc #4 the following agreements were made:
Agreements:
IAB-node/IAB-donor DU resources are provided by a semi-static configuration which is provided separately from the MT resource indication
· FFS: whether the configuration is per-link or per-DU 
· FFS: details for the configuration

Rel-15 supports semi-static Uplink/Downlink TDD configurations in TS 38.331 and defines slot formats in TS 38.211. While the details of how to provide the resource configuration to the IAB-node DUs via F1-AP signalling are up to RAN3, it should be agreed that for the semi-static DU resource configuration, all the existing TDD slot formats and patterns are supported. 
Proposal 1: The semi-static DU resource configuration should support all existing slot formats defined in Table. 4.2.3-3 of TS 38.211 and all TDD patterns/configurations supported by TDD-UL-DL-Config in TS 38.331.

In addition, it should be possible to provide a cell-specific configuration to an IAB-node DU, but it may also be beneficial to provide a separate dedicated TDD configuration on a per-link basis corresponding to a child IAB-node MT. This can be supported by using the existing TDD-UL-DL-ConfigCommon and TDD-UL-DLConfigDedicated as the baseline for the per-cell and per-link resource configurations.
Proposal 2: Both per-cell and per-link resource configurations are supported using TDD-UL-DL-ConfigCommon and TDD-UL-DLConfigDedicated defined in 38.331 as the baseline. 

During RAN1#96 the following agreements were made:
Agreements:
· If a resource is configured as not available, the DU cannot assume it can use the resource 
· 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

During RAN1#96bis the following agreements were made:
Agreements:
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfill its performance requirements in terms of measurement and transmission of cell specific signals / channels.
· In case of NA or Soft not Indicated Available DU resources, for potential conflicting configuration between NA and Soft not Indicated Available DU resources and cell-specific signals/channels (e.g. SSB, SI, PRACH) configured at the DU, the following alternatives are to be considered (to be down-selected): 
· Alt 1): A resource with cell-specific signals/channels configured at DU shall not be configured as type NA or Soft without being Indicated Available. 
· Alt 2): If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource.
· FFS the cell specific signals/channels. The list may include (not necessarily an exhaustive list)
· SSB transmissions
· Broadcast system information
· Configured periodic CSI-RS
· PRACH resources
· Resources for scheduling requests


In order to achieve TDM partitioning of parent and child links while also enabling FDM or SDM in a forward compatible manner, the following two principles need to be supported in the design of the coordination signalling:
1. Explicit configuration of whether a resource for a given DU child link is Hard or Soft
2. Explicit indication of whether given time resources are available or not available from the IAB node’s perspective

This is illustrated well in Tables 7.3.3-1 and 7.3.3-2 in TR 38.874, which capture the DU/MT behaviour of an IAB node depending on whether TDM or SDM operation is supported. For example, in case of TDM operation a given slot which is used by the parent link for DL transmissions to the MT should be indicated to be not-available for the DU child link, while a given slot which is not used by the parent link for either DL/UL transmissions to/from the UE should be indicated as either Downlink-Hard or Uplink-Hard. However, if SDM operation is supported, it is straightforward to change the indication of not-available resources to either DL or UL resources for the DU child link (or flexible if dynamic coordination is supported as discussed in the next section).
While implicit indication of available/not-available and hard/soft could be used to support TDM operation, it becomes very challenging to later add support of SDM operation, since additional IAB node behaviour or signalling must be introduced to avoid confusion about the correct utilization of a given resources.
Proposal 3: In order to enable TDM operation with forward compatibility to SDM/FDM operation, frame structure coordination for IAB nodes should support the following:
1. Explicit configuration of whether a D/U/F time resource for a given DU child link is Hard or Soft
2. Explicit indication of whether a D/U/F time resource is available or not available from the IAB node’s perspective








Dynamic frame structure coordination
During RAN1#96 the following agreements were made:
· 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

To support the different resource partitions discussed in this section the network may utilize semi-static TDD UL/DL configurations to coordinate between DU functions of different IAB nodes (e.g. using the F1 interface). However, more dynamic mechanisms for resource coordination is beneficial. For example, the available DL/UL resources shared between access and backhaul links at a given IAB node may be dynamically optimized, depending on traffic load variations or radio measurements including RSRP or CLI measurements.
Figure 5 gives an example where the DL and UL alternates to ensure the half-duplex constraint is maintained at the IAB node, however during slot t + 1 and slot t + 2, the IAB parent node does not have any DL traffic to schedule (e.g. for access and backhaul links) for the child IAB node. However, since the frame structure is semi-statically coordinated, the IAB DU cannot adapt the frame structure to allow DL transmissions (to access UEs or other IAB nodes) since it is not aware of the potential scheduling of the IAB parent node.
[image: ]
Figure 5: IAB frame structure without coordination
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Figure 6: IAB frame structure with dynamic coordination
However, if the IAB parent and IAB node can perform dynamic frame structure coordination (DFSC), the parent node can indicate to the IAB MT function that a set of resources are available or released, overriding the semi-statically coordinated and configured DL/UL resource pattern. The IAB node can internally determine whether to utilize those newly available resources. Figure 6 gives an example of DFSC signalling and coordination, where at the beginning of the DL portion of slot t + 1 the IAB parent node indicates that the remaining DL resources in slot t + 1 and slot t + 2 are available for usage by the IAB DU for DL transmissions instead of UL taking into account delays associated with the reception processing time at the IAB node’s MT and scheduling processing time at the IAB node’s DU.
While the configuration of the “hard” DL/UL/Flexible resources is performed in a semi-static manner using F1/RRC signalling for the DU and MT respectively, in order to perform DFSC, existing Rel.15 signalling mechanisms can be used, namely the use of the GC-PDCCH to indicate the slot format(s) which can be used in the case of soft resources. As described in 38.213 section 11.1.1:
A SFI-index field value in a DCI format 2_0 indicates to a UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. 
…
A slot format is identified by a corresponding format index as provided in Table 11.1.1-1 where 'D' denotes a downlink symbol, 'U' denotes an uplink symbol, and 'F' denotes a flexible symbol.

[bookmark: _Hlk512253773]Table 11.1.1-1: Slot formats for normal cyclic prefix

	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F

	8
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	9
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	10
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	F
	F
	F
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	17
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	18
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	19
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	20
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	21
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U

	22
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	23
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	24
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U

	25
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	26
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	27
	D
	D
	D
	F
	F
	F
	F
	F
	F
	F
	F
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	U
	U

	34
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	F
	F
	F
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	U

	44
	D
	D
	D
	D
	D
	D
	F
	F
	F
	F
	F
	F
	U
	U

	45
	D
	D
	D
	D
	D
	D
	F
	F
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any, on detected DCI formats



The table referenced in that section was defined with only 56 formats in Rel-16, with the remaining indices indicated as reserved for future use. As a result, new slot formats should be defined in Rel.16 which can be optimized for TDM/SDM multiplexing of access and backhaul links.

Proposal 4: IAB should support explicit indication of soft resource availability  by using GC-PDCCH signalling via DCI Format 2-0 from the parent IAB node to the child IAB node to indicate existing Rel.15 slot formats and newly defined Rel.16 slot formats which are optimized for TDM/SDM multiplexing of access and backhaul links.



The new TDD-UL-DL-Pattern configurations should allow for patterns that start with uplink slots, uplink symbols, or flexible symbols unlike the majority of the patterns defined in Rel-15 which start with downlink symbols. This has the benefit of enabling a straightforward shift of the alignment of frame structures across hops as shown in Figure 4, which is needed for both TDM as well as SDM access and backhaul multiplexing. 

The explicit definition and indication of the new patterns has benefits over reusing existing patterns which are shifted by K slots (e.g. K = 2 in Figure 4) with respect to the radio frame boundary to achieve the desired frame structure pattern. This is because certain slots may still need to be aligned as DL to transmit synchronization signals and broadcast channels from all Relay/Donor DUs in the network in a coordinated manner which is beneficial to reduce the required number of measurement gaps for MTs as well as access UEs. 

Proposal 5: The new slot formats defined for IAB in Rel-16 should support patterns which begin with uplink slots, uplink symbols, or flexible symbols.

Finally, the following agreement was made in RAN1#96:
Agreements:
· Both slot and symbol-level multiplexing of access and backhaul links are supported.

In order to support the full flexibility of the utilization of soft resources at a child IAB-node DU in case of symbol-level multiplexing of access and backhaul links, the dynamic explicit indication should be able to be sent on any symbol within a slot, and not just the first few symbols of the slot. 
Proposal 6: The explicit indication of soft resource availability can be sent on any symbol within a slot.

Conclusion
This contribution analyzed potential physical layer enhancements for IAB. The following proposals were made:
Proposal 1: The semi-static DU resource configuration should support all existing slot formats defined in Table. 4.2.3-3 of TS 38.211 and all TDD patterns/configurations supported by TDD-UL-DL-Config in TS 38.331.
Proposal 2: Both per-cell and per-link resource configurations are supported using TDD-UL-DL-ConfigCommon and TDD-UL-DLConfigDedicated defined in 38.331 as the baseline. 
Proposal 3: In order to enable TDM operation with forward compatibility to SDM/FDM operation, frame structure coordination for IAB nodes should support the following:
1. Explicit configuration of whether a D/U/F time resource for a given DU child link is Hard or Soft
2. Explicit indication of whether a D/U/F time resource is available or not available from the IAB node’s perspective
Proposal 4: IAB should support explicit indication of soft resource availability by using GC-PDCCH signalling via DCI Format 2-0 from the parent IAB node to the child IAB node to indicate existing Rel.15 slot formats and newly defined Rel.16 slot formats which are optimized for TDM/SDM multiplexing of access and backhaul links.
Proposal 5: The new slot formats defined for IAB in Rel-16 should support patterns which begin with uplink slots, uplink symbols, or flexible symbols.
Proposal 6: The explicit indication of soft resource availability can be sent on any symbol within a slot.
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