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1 Introduction
This contribution provides a summary of section 7.7.1 on potential enhancements to support NR backhaul links and provides proposals synthesized from the views expressed in contributions listed in the Appendix.
2 Reuse of Rel-15 NR Features

The observations and proposals in this section are primarily related to the following objectives from the IAB SID:

· Note: support of these functionalities should consider existing mechanisms for access links as a starting point
Company proposals:

	CMCC
	Proposal 4: Flexible and forward-compatible design of NR access link should be reused as much as possible for NR backhaul link. 

	Ericsson
	Proposal 3:
The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link

	Nokia, Nokia Shanghai Bell
	Observation 1: From RAN1 point of view, NR Rel-15 provides a very good baseline for IAB operation. 

	Qualcomm
	Proposal 1: RAN1 should strive for a common design, as NR access, to support NR backhaul links.
Observation 1: access and backhaul have several differences at both link-level and system-level.
Proposal 2: RAN1 should identify the aspects of NR-IAB that require a new design or a modification of the NR access design. RAN1 should deprioritize any design optimization for NR-IAB. 


Observation: Several companies identified benefits of taking the Rel-15 physical layer design as the baseline for IAB due to the ability to easily integrate IAB nodes into an existing NR deployments and efficient multiplexing of access and backhaul links with a common design. One company proposed deprioritizing optimizations for IAB due to limited SI time budget.
Offline agreement: 
· The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
3 Backhaul Link and Route Discovery/Management
The observations and proposals in this section are primarily related to the following objectives from the IAB SID:

· Route selection and optimization [RAN2, RAN1, RAN3], e.g.

· Mechanisms for discovery and management of backhaul links for TRPs with integrated backhaul and access functionalities
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links

· Evaluate the benefit of resource allocation/route management coordination across multiple nodes, for end-to-end route selection and optimization.
3.1 IAB Node Discovery

Company proposals:

	AT&T
	Proposal 2: The multiplexing of initial access signals (e.g. SSB, RACH, and CSI-RS for RRM) should consider multi-hop topologies and half-duplex constraints at IAB nodes.

Proposal 3: The resources and respective transmission periods for signals required for initial access and RLM/RRM of backhaul link should be separately configured from the parameters used by access UEs.

	Ericsson
	Proposal 5:
At least from a physical layer point-of-view, initial access of an IAB node should be the same as 
initial access of a UE. 

	Huawei
	Observation 1: The SSB/CSI-RS based RRM measurement defined in NR R15 could be considered for IAB discovery and measurement. However, how to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

	Intel
	Proposal 2: Study the following options on RN’s DU ID.
· Option 1: each RN has a cell ID

· Option 2: multiple RNs share a cell ID
Proposal 3: Study mechanisms on SSB resources allocation among RNs sharing a same cell ID.
Proposal 6: Study the impact of half-duplex constraint on SSB and PRACH resource configuration in adjacent hops. 
Proposal 7: For UE or RN cell selection, the backhaul link condition should be factored in. Three options can be studied.
· Option 1: use access baring

· Option 2: adjust RSRP threshold in initial access based on backhaul link condition

· Option 3: explicit signal information on backhaul link condition in MSI or OSI

	LGE
	Proposal 3: Two cases (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID are further studied. 

Proposal 5: Cell selection/measurement mechanisms on unequal priority between donor and relay nodes need to be further studied. The number of hops need to be also taken into account.  

	Nokia, Nokia Shanghai Bell
	Observation 2: Depending on the allocation scheme of BH/Access slots, there could be a shortage of DL Access slots available for IAB Node’s SS/PBCH block transmission.
Observation 3: To enable monitoring between all IAB Nodes, IAB measurement gaps must be introduced: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception.

	Qualcomm
	Observation 2: an IAB-node can act as a UE and follow the same initial access procedure, including cell search, SI acquisition, and random access, in order to initially integrate to an IAB network.

Observation 3: over a BH link, an IAB-node can adopt UE functionality (UE-F) and leverage the NR access design for various control/data channels, reference signals, and procedures (e.g. RRM, RLM, beam management, mobility management).

Proposal 3: RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint.

	Samsung
	Proposal 2: Study how to support SS for NR UEs by relay nodes.


Observation: On the topic of IAB node discovery and initial access, several issues were raised for further study:
1.  Signals and channel used for IAB node initial access: Based on the principle of reusing the NR Rel-15 physical design as the baseline for IAB, companies proposed that at least from a physical layer the IAB node connects to other IAB nodes or donors using the same physical channels and procedures (e.g. SS/PBCH blocks and PRACH) as an access UE. 
2.  Multiplexing of initial access signals/channels for IAB nodes and access UEs: Due to the half-duplex constraint at the IAB node (it cannot support simultaneous Tx/Rx), IAB nodes will need to periodically alternate between transmitting and monitoring signals for node discovery and link management (e.g. SSB/PRACH/CSI-RS) and this should also take into account multiple backhaul link hops as well. In addition, in order to ensure access UEs can connect to IAB nodes, IAB node discovery and measurement procedures should be transparent to access UEs. As a result companies proposed studying mechanisms for supporting appropriately configuring the required resources as well as potential measurement gaps.    

3.  IAB node cell ID: Several companies also proposed the need to study different options where IAB nodes may share the same cell ID or have a different cell ID from other IAB nodes or IAB donors.
Offline Agreement:

· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.

· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 

· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.

3.2 Timing and Synchronization

Company proposals:

	CMCC
	Proposal 3: Synchronization among IAB nodes and donor-gNBs should be supported.

	Huawei
	Observation 5: Symbol level timing alignment between backhaul and access link is preferable to enable the FDM/SDM resource sharing. 

	Intel
	Proposal 1: Study the following options on synchronization source for IAB node’s DU function.
· Option 1: synchronization signal of donor DU or RN’s parent DU

· Option 2: GNSS
Proposal 4: Study and define RN’s DL transmission timing in access link.
Proposal 5: When using radio interface based synchronization, the issue of synchronization error accumulation needs to be addressed.

	LGE
	Proposal 10: In New RAT, it should be further studied to manage switching gap and TA in Relay side for different links. And under different switching gap and TA settings, relay procedure should be further studied. 

	Nokia, Nokia Shanghai Bell
	Observation 5: Synchronization requirements can be met in typical IAB deployment scenario according to current knowledge about the specified TA adjustment granularity (separately for each numerology), UE TX timing error limits and TA adjustment accuracy.
Proposal 8. TA based synchronization can be taken as basis for IAB synchronization supporting also multi-hop scenarios.

	Qualcomm
	Proposal 4: Timing alignment across multi-hop NR-IAB network should be studied.
Observation 4: Over-the-air (OTA) synchronization can be used to synchronize a multi-hop IAB network to the IAB-donors.

Proposal 5: It should further be investigated if the tolerance of multi-hop OTA synchronization is acceptable.

Proposal 6: Network should synchronize the IAB-donors using the available techniques, e.g. using GPS/GNSS, Ethernet, etc. 

	ZTE
	Proposal 2: Both alignment and non-alignment between access downlink timing from LTE donor and access downlink timing from LTE relay can be the starting point of studying timing synchronization in NR relay. 


Observation: Due to the multi-hop nature of an IAB deployment, a given IAB node will potentially need to transmit to:

 
a) its own access UEs and other IAB nodes in hops below (e.g. on the DL) 

b) other IAB nodes or IAB donors in a hop above (e.g. on the UL). 
However this requires further study on how to achieve synchronization (e.g. either OTA or via GNSS) and timing alignment (e.g. relation between DL and UL timing for a given IAB node). Several companies proposed studying this with existing TA mechanisms as a starting point. Some examples of different timing alignment options are shown in Figure 1:

[image: image1.emf]Backhaul DL

Backhaul UL

Backhaul DL

Backhaul UL

Access DL

Access DL

Access UL

Access UL

Donor

RN

UE

T

P,RN

T

P,UE


Option 1: the access DL transmission timing at the RN is aligned to the backhaul DL transmission timing at DN.
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Option 2: the access DL transmission timing at an RN is aligned to its backhaul DL reception timing.
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Option 3: the access DL transmission timing at an RN is aligned to its backhaul UL transmission timing. 
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Option 4: the access DL transmission timing at an RN is aligned to its backhaul UL transmission timing and the access UL reception timing at the RN is aligned to its backhaul DL reception timing.

Figure 1: Different timing alignment options across backhaul and access links (R1-1804755)

Offline agreement: 
· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 

· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. 

3.3 Route Management

Company proposals:

	AT&T
	Proposal 1: IAB should support the same physical layer signals and procedures designed for access UEs performing initial access and link management (e.g. RLM/RRM) for IAB node discovery and topology/route management.

	CMCC
	Proposal 5: The following study points could be considered in the SI phase for IAB enhancements:

3. Backhaul link discovery and management mechanisms, including efficient backhaul link switching schemes or simultaneous reception of multiple backhaul links

	Huawei
	Observation3: To enable fast route selection and switching, the impact on the physical layer e.g., measurement, reporting, and triggering mechanisms should be studied. 

	LGE
	Proposal 4: Dynamic point selection and coordinated muting are further studied for both cases of same or different cell IDs between donor and relay nodes. Intra-frequency dual connectivity can be considered between donor and relay node with different cell IDs. 

	Nokia, Nokia Shanghai Bell
	Proposal 5: IAB Nodes are measuring link quality to candidate nodes besides the active IAB connection(s). 

	Samsung
	Proposal 1: Study how to support backup BH links such as initial access, synchronization, random access, and CSI measurement/reporting.


Observation: Besides performing initial node discovery and initial access upon introduction to the network, IAB nodes will need to maintain their connectivity with their serving IAB node or IAB donor and periodically detect and measure links for other IAB nodes in order to perform route selection/topology adaptation. Several companies also proposed studying simultaneous connectivity between IAB nodes via multi-TRP transmission or intra-frequency dual connectivity. This is illustrated in Figure 2 below:
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Figure 2. IAB node discovery and link management procedures [R1-1804835]

Offline agreement: 

· Measurements on multiple backhaul links for link management and route selection should be studied. 

· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.
3.4 Multi-hop scheduling and resource coordination

Company proposals:

	CMCC
	Proposal 5: The following study points could be considered in the SI phase for IAB enhancements:

4. Multi-hop transmission and limitation on the number of hops

	Huawei
	Observation 2: Resource coordination among IAB nodes/donors is necessary to avoid Tx/Rx collisions at IAB nodes. Dynamic or semi-static coordination mechanisms seem preferable due to the possible route variations. 
Observation 6: Scheduling coordination among IAB nodes/donors is needed to enable dynamic TDM/FDM/SDM multiplexing between backhaul and access.


	Intel
	Proposal 13: Study CSI feedback mechanism for RN to report CSI for its access and backhaul links.

	LGE
	Proposal 7: Coordination of DL/UL timing among backhaul/access links needs to consider (1) D/U alignment between donors and relay nodes in consideration of half-duplex capability, (2) resource coordination to minimize cross-link interference, and (3) resource sharing between backhaul and access links. 
Proposal 9: It seems desirable that a donor node backhaul link and a relay node backhaul link have different slot format.

	Qualcomm
	Observation 5: IAB resource partitioning must be such that the UEs can continue their normal operations with no issue and no need for modifications. 

· Details of the IAB resource partitioning is outside of RAN1 scope.

	ZTE
	Proposal 1: To study whether there is a need to specify RN-to-RN signaling/protocol to coordinate resource assignments for broadcast signals/channels. 


Observation: Companies proposed studying the need for semi-static or dynamic resource coordination and scheduling among IAB nodes and donors to support the half-duplex constraint at IAB nodes, multi-hop transmission, route selection, and minimization of interference. One company noted that resource partitioning for IAB should be transparent to access UEs and mechanisms to achieve the partitioning were outside of RAN1 scope. 
Offline agreement: 
· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.
4 Frame Structure and Resource Allocation
The observations and proposals in this section are primarily related to the following objectives from the IAB SID:

· 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 
· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs
4.1 Dynamic access and backhaul traffic multiplexing

Company proposals:

	AT&T
	Proposal 4: RAN1 should study mechanisms for efficient multiplexing of access/backhaul traffic across multiple hops considering a per IAB-node half-duplex constraint.

	CMCC
	Proposal 5: The following study points could be considered in the SI phase for IAB enhancements:

1. The flexible resource configured in cell-specifically or dynamically configured can be considered as baseline for backhaul and access link resource allocation.

	Intel
	Proposal 8: Study backhaul and access resource allocation options for an IAB system, considering specification impact, signalling overhead, system performance, complexity, and flexibility, etc.
Proposal 9: Study access link scheduling options, considering specification impact, signalling overhead and system performance. 

	LGE
	Proposal 1: In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported.
Proposal 8: It seems desirable to TDM access link and backhaul link transmission.

	Nokia, Nokia Shanghai Bell
	Proposal 2: Prioritize half-duplex scenario with TDM between access and backhaul in 3GPP studies.

	OPPO
	Proposal 1: Both slot level and symbol level resource multiplexing between access link and backhaul link can be considered in NR relay system.
Proposal 2: The resource configured for the signaling in the access link, such as SSB, RMSI, OSI, paging, RACH, CORESET, etc, should not conflict with the resource reserved for backhaul link.

	ZTE
	Proposal 1: To confirm from RAN1 perspective that cases 1~3 (i.e., each relay’s Tx and Rx on the same traffic direction are separated by TDM) are in the scope of Rel-15 SI for IAB.

Proposal 2: The cases 4~9 (i.e., each relay’s Tx and Rx on the same traffic direction are separated by FDM or SDM) are excluded from the scope of Rel-15 SI for IAB.


Observation: Companies highlighted multiple solutions for supporting efficient (dynamic) multiplexing of access and backhaul links, including TDM/FDM/SDM. In addition, many companies highlighted the need to focus on scenarios with a half-duplex constraint at the IAB node. Different examples of access and backhaul traffic multiplexing are shown in Figure 3:
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Figure 3. Multiplexing options for access and backhaul links subject to a half-duplex constraint (R1-1804504).
Companies proposed to study the benefits and performance of different approaches and as well as identifying the required signalling and specification impact of different approaches. Several companies proposed TDM between access and backhaul links as baseline or higher priority than other mechanisms.
Offline agreement: 
· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.
4.2 Frame structure and Control Channel Design
Company proposals:

	Ericsson
	Proposal 1:
The IAB access link should, specification-wise, be identical to normal access links.
Proposal 4:
Physical-layer features considered within the IAB SI should, if agreed upon, not just be included for IAB backhaul but should be seen as general physical-layer features applicable also to the access link.

	Huawei
	Observation 4: Flexible slot format configuration for backhaul slots is necessary due to the dynamic routing/beam switching and various OFDM symbol duration options.

	Intel
	Proposal 10: Study SR for access link at IAB RN and its signalling mechanism. 
Proposal 11: Study approaches to offset the impact of half-duplex constraint on per link and overall system performance.

	LGE
	Proposal 6: we propose the followings

· It is supported that access and backhaul use different numerology. 

· Dynamic BWP switching in backhaul link is not supported

· Enhancements on scheduling in consideration of multi-beam or dual connectivity can be further considered. 

· At least semi-static SFI is supported for backhaul link.

· Non-slot scheduling is supported in backhaul link.

	Nokia, Nokia Shanghai Bell
	Proposal 3: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links.

Proposal 4: RN processing time capabilities need to be discussed as part of the IAB studies.

	OPPO
	Proposal 3: Slot format for backhaul link should be defined in case of symbol level resource multiplexing between access link and backhaul link.
Proposal 4: Reuse existing slot format table to define slot format for backhaul link in case of symbol level resource multiplexing between access link and backhaul link.

	ZTE
	Proposal 3: To decide whether to support either centralized configuration, or distributed configuration, or both for relay PDCCH CORESET and search space set.
Proposal 4: Strive to reuse existing NR PUCCH formats to carry UCI on backhaul link.
Proposal 5: NR PUCCH resource allocation on backhaul link should be studied further based on how the resources are assigned for backhaul link.


Observation: Scheduling for backhaul links and resource allocation between access and backhaul links were based on existing Rel-15 features with potential enhancements to be studied considering half-duplex constraints at the IAB node and relay node processing capabilities.
Offline agreement: 
· The Rel-15 NR PDCCH/PUCCH design is the starting point for IAB scheduling, resource allocation, and feedback.

· Potential enhancements can be studied.
4.3 Cross-Link Interference Management
Company proposals:

	AT&T
	Proposal 5: Cross link interference measurement and mitigation is critical for the operation of IAB. 

Proposal 6: IAB should make use of different interference measurement categories and components to enable CLI mitigation and cancellation. 

	Huawei
	Observation 7: The complicated interference environment caused by flexible resource allocation necessitates effective interference measurement and mitigation schemes to solve the interference between the backhaul and access link and/or the interference between backhaul links.

	Intel
	Proposal 12: Study interference management schemes for enabling throughput enhancement and strive to leverage existing NR interference management solutions.

	Nokia, Nokia Shanghai Bell
	Proposal 6: Cross-link interference management related to half-duplex operation with SDM/FDM between access and backhaul needs to be considered as part of NR studies.
Proposal 7: Develop a unified cross-link interference management framework under single WI, e.g. flexible duplexing or MIMO, covering all potential use-cases, e.g. dynamic TDD and IAB, etc.

	Sony
	Proposal 4: Study CLI measurements and reporting for NR to support IAB.


Observation: Due to the half-duplex constraint at IAB nodes and support for flexible multiplexing of access and backhaul traffic via TDM/FDM/SDM techniques, cross-link interference (CLI) can be naturally introduced in IAB networks as shown in Figure 4 below:
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Figure 4. Cross-link interference in IAB [R1-1803695]

Many companies proposed to study measurements to identify CLI as well as interference mitigation approaches to manage the impact of CLI. Other companies proposed that CLI for IAB should be addressed in the context of a general NR interference management framework (e.g. in flexible duplex or MIMO enhancement agenda items).

Offline agreement: 

· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.
· Interference measurement and management solutions should be studied. 
· FFS: whether solutions should be specified as part of an IAB WI or other NR WI (e.g. flexible duplex, MIMO enhancements) 
5 Spectral Efficiency Enhancements
The observations and proposals in this section are primarily related to the following objectives from the IAB SID:

· High spectral efficiency while also supporting reliable transmission [RAN1]
· Identification of physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency

5.1 Waveform for IAB

Company proposals:

	Ericsson
	Proposal 6:
The IAB study item should focus on OFDM for the uplink IAB backhaul link


Observation: Backhaul links may not have the same constraints on PA design as access UEs. Additionally the IAB node contains an IAB-DU which transmits in the DL for other IAB nodes or access UEs, implying hardware support for OFDM transmission is natively available, unlike for DFT-S-OFDM.

5.2 1024 QAM

Company proposals:

	CMCC
	Proposal 5: The following study points could be considered in the SI phase for IAB enhancements:

5. Spectral efficiency enhancements of the backhaul link, including higher order modulation, such as 1024QAM, AMC transmission, and multiple layer transmission.



	Sony
	Proposal 1: Enhance NR with advanced higher order QAM such as 1024-QAM and 1024-NUC to be used at least for IAB backhaul.

	ZTE
	Proposal 6: RAN1 considers 1024QAM for both downlink and uplink on NR backhaul.


Observation: Backhaul links may potentially support higher order modulation compared to access links due to the increased probability of high SINR and greater hardware capabilities.

5.3 Multi-antenna Enhancements 
Company proposals:

	AT&T
	Proposal 7: Consider to support 8 layers of PUSCH transmission in the spec. 

	CMCC
	Proposal 5: The following study points could be considered in the SI phase for IAB enhancements:

6. Spectral efficiency enhancements of the backhaul link, including higher order modulation, such as 1024QAM, AMC transmission, and multiple layer transmission


Observation: Backhaul links may potentially support higher number of layers for spatial multiplexing due to the increased capability (e.g. larger panel, more TxRUs) of IAB nodes compared to access UEs.
5.4 DMRS Density

Company proposals:

	Sony
	Proposal 2: Define lower frequency density DM-RS to be used at least for IAB backhaul.

Proposal 3: Define lower time density DM-RS to be used at least for IAB backhaul.


Observation: Backhaul links may not have the same constraints on PA design as access UEs. Additionally the IAB node contains an IAB-DU which transmits in the DL for other IAB nodes or access UEs, implying hardware support for OFDM transmission is natively available, unlike for DFT-S-OFDM.

Offline agreement: 
· Spectral efficiency enhancements for the backhaul link should be studied.
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