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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 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.
2.1 IAB Node Discovery

Company proposals:

	AT&T
	Proposal 1: Orthogonal time periods are required for SSB transmissions intended for backhaul link discovery and maintenance with a possibly different periodicity of transmission and separately configured from the parameters/resources used by access UEs.

	CATT
	Proposal 1:  The measurement for IAB-node discovery and initial access procedure should be provisioned, configured, and tested before the operation of an IAB node.

Proposal 2:  The IAB study should refine to the case that the IAB-node and the Donor gNB have different cell IDs.  

	CMCC
	Proposal 5: Clarify that cell ID in the agreement for donor and relay is PCID. 

	Intel
	Observation 1: The following two options on RN ID can be considered. Option 2 may not be able to support dual RN connection at a UE or a RN due to non-ideal backhaul.

· Option 1: each RN has a cell ID in a CC.

· Option 2: multiple RNs share a cell ID in a CC.

Proposal 2: For UE or RN cell selection, the backhaul link condition should be factored in. The following two options are preferred considering latency, power consumption and specification effort:

· Option 1a: use cellBarred indication in MIB;

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

	LGE
	Proposal 4: For the initial access, min(RSRP) from DgNB to UE can be considered.

Proposal 5: Study resource/contents of channels/signals for initial access procedure of IAB-node.

	OPPO
	Proposal 2: The SSB resource should be coordinated among different hop levels. TDM of SSB resource for different hop levels is preferred. The SSB resource coordination of the same hop level needs FFS.

	Qualcomm
	Observation 1.1: Backhaul RACH design needs to support higher round trip time and link gain compared to access RACH design. 

Observation 1.2: Assuming N to be the ratio of antennas at Gnb and UE, backhaul RACH can support approximately 20 * log10(N) dB higher path loss compared to access RACH with same preamble formats. Assuming X Db/decade to be the path loss slope, this higher link gain can support up to 10^((20 * log10(N))/X) higher distance.

Observation 1.3: With 60 kHz Msg1 SCS, RACH preamble format C2 can at least support 5 km round trip distance. Network can support even higher round trip distance with different RACH receiver implementation.

Observation 1.4: No new RACH preamble format design is necessary for NR IAB.

Observation 1.5: If access and backhaul links use same time-frequency resources for RACH transmission, supportable cyclic shifts for RACH transmission decrease significantly.

Observation 1.6: If access and backhaul links use same time-frequency resources for RACH transmission, network has to trade-off between supporting higher distance in backhaul links and higher gain in access links.

Observation 2.5: BH discovery and measurements should occur on time resources that are not overlapping with the periodic transmissions to the UEs.

Observation 2.6: Sporadic SSB transmissions, following a muting pattern, may confuse the UEs, if they are transmitted on a sync raster.

Proposal 1.1: NR studies how to handle multiplexing of RACH transmission from access and backhaul links.

Proposal 6.1: donor and relay maintain separate cell IDs.

	Samsung
	Proposal 2: Study how to support inter-relay link discovery, measurement and reporting using SSB.
Proposal 3: Consider following SSB coordination approaches taking hop number into consideration:

· Resource allocation coordination: the resource allocation between backhaul and access links and between UL and DL can be coordinated to guarantee that one rTRP receives in one time slot and another transmits SSBs in the same time slot so that the inter-relay link discovery and channel measurement can be done;

· SSB muting: the SS bursts of different nodes are aligned and some of the SSBs in one SS burst can be muted so that one rTRP can receive while other nodes transmit SSBs.


Observation: In RAN1#92b the following agreements were made on the topic of IAB node discovery and initial access:

· 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.

This meeting several issues were raised for further study:
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)..    

Offline Agreement:

· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports candidate backhaul link discovery (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for access link discovery. 
· The following solutions for candidate IAB node discovery can be further considered:

· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 

· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)

· Use of off-raster SSBs

· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions

 IAB node selection metric: In addition to SSB-RSRP, companies proposed incorporating other metrics such as backhaul link quality (single or multi-hop) as part of the IAB node initial access procedure.

Offline Conclusion: Discuss further in the next meeting.
Random Access: Backhaul RACH design needs to support higher round trip time and link gain compared to access RACH design. If access and backhaul links use same time-frequency resources for RACH transmission, network may have to trade-off between supporting higher distance in backhaul links and higher gain in access links.
Offline Discussion:  Study mechanisms for multiplexing of RACH transmissions on access and backhaul links.

IAB node cell ID: Several companies also proposed to focus on the case with different cell IDs for IAB nodes
Offline Discussion: RAN1 assumes that IAB nodes/donors are different cells.
2.2 Route Selection and Measurements

Company proposals:

	AT&T
	Proposal 2: IAB should support coordination mechanisms for the partitioning and configuration of CSI-RS resources for topology and route management measurements across multiple backhaul hops.

	CATT
	Proposal 1:  The measurement for IAB-node discovery and initial access procedure should be provisioned, configured, and tested before the operation of an IAB node.

	CMCC
	Proposal 1: IAB design should provide deployment flexibility for operators, targeting at plug-on-plug-off deployment scenarios. 

Proposal 2: The IAB design needs to ensure the performance enhancement when IAB nodes are randomly selected and the backhaul link are not necessarily LOS channels. 

	Ericsson
	Proposal 1
Agree to study changes of control signals and protocols needed to handle or minimize service outage due to node failure.

	Intel
	Proposal 3: SSB and CSI-RS based RRM can be used for IAB node discovery with CSI-RS based RRM as optional. The SSB/CSI-RS among neighboring IAB nodes need to be properly configured considering half-duplex constraint at the IAB nodes. 
Proposal 13: Study mechanisms on IAB node power saving

	LGE
	Proposal 3: 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
	Observation 2: Detected cells and related measurement results obtained during the cell search/selection phase can be utilized as the basis for the cell monitoring during the active IAB operation.

Proposal 4: To enable inter-IAB node monitoring there shall be means to configure measurement opportunities for some IAB nodes matching with the reference signal transmissions of the monitored IAB nodes.

Proposal 5: RAN1 is asked to consider CSI-RS measurements as a suitable option for IAB monitoring.

	Qualcomm
	Observation 2.1: discovery and measurements have different requirements, and may follow different procedures.

Inter-IAB-node discovery can be based on cell-specific reference signals (like SSB) transmitted periodically (with large periods) and via beam-sweeping using a set of coarse beams.

BH measurements can be based on specific on-demand transmissions of reference signals (like CSI-RS) with short periodicity, and using finer beams.

Observation 2.2: comparing SSB-based and CSI-RS based RRM framework:

· CSI-RS based approach has more configuration flexibility, 

· CSI-RS based approach has more configuration signaling overhead,

· CSI-RS based approach requires knowledge of identity and configuration of the transmitting node, and hence does not support blind discovery, without tight synchronization, SSB should be used to provide fine time synchronization.

Proposal 2.1: simple modifications to the NR R15 RRM framework should be considered to make it more suitable for backhaul operations.

FFS: new values for CSI-RS/SMTC periodicity, maximum number of SMTC configured per frequency, flexible time-domain location of the SSBs within a SMTC.

Proposal 2.2: IAB-nodes should adopt a TX/RX coordination (muting pattern) to enable discovering/measuring other IAB-nodes while being discoverable/measurable by the other IAB-nodes.

Proposal 2.4: adopt the proposed framework in Table 3 for initial acquisition, inter-IAB-node discovery and BH measurements.

Table 3: reference signals used for various BH operations

BH procedure

Baseline ref signals

Additional ref signals 

Initial acquisition

CD SSBs

Off-raster SSBs

Inter-IAB-node discovery

Off-raster SSBs

CD SSBs, CSI-RS

BH measurements

On-demand CSI-RS

CD SSBs, off-raster SSBs



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


Observation: During RAN1#92bis the following agreements were made:
· 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.

· 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.

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

IAB nodes will need to periodically detect and measure links for other IAB nodes in order to perform route selection/topology adaptation. In addition mechanisms and measurements for handling IAB link failure and multi-connectivity were proposed to be studied.
Offline agreement: 

· IAB supports SSB and CSI-RS based RRM measurements. The following features can be considered:
· Mechanisms for coordination of RS transmission and measurement occasions for IAB nodes 
· Enhancements of SMTC and CSI-RS configurations for IAB 
· An IAB-node support mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms.
· Study enhancements to RLM RS and associated procedures for IAB
3 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
3.1 Dynamic access and backhaul traffic multiplexing

Company proposals:

	AT&T
	Proposal 3: IAB should support coordination mechanisms for the partitioning of time slots and frequency resources across multiple backhaul hops to support orthogonal resources for access and backhaul links at a given IAB node.

Proposal 11: IAB should support access and backhaul traffic multiplexing on single link (DL or UL) using multi-user MIMO transmission schemes.
Proposal 10: Study DL and UL power control enhancements to allow for intra-panel FDM and SDM of backhaul and access links.

	CMCC
	Proposal 6: The impacts of SDM between backhaul and access links on Rel-15 UEs should be studied, and backward compatibility of Rel-15 UEs should be ensured.

Proposal 7: Support SDM multiplexing of backhaul links under multi-hop transmission.
Observation 1: Power imbalance and power sharing between SDMed backhaul and access links may lead to performance degradation of access link without proper enhancement.

	China Telecom
	Proposal 2: In-band operation between access link and backhaul link for IAB should be prioritized.

Proposal 3: Multiplexing of access and backhaul links in SDM manner should be de-prioritized.

	Ericsson
	option 1 considers resource allocation per node; each IAB-N can transmit to and schedule its UEs and MT of child nodes on all radio resources. Whereas option 2 applies resource division between successive nodes. TDM is used in this section to describe different options.

Proposal 1
Duplexing and multiplexing options 1a/b and 2, as depicted, should be used in a semi-static assignment with TBD transmission time resources for performance evaluations.

	Huawei
	Proposal 5: Enabling mechanisms to address the variation in the available OFDM symbols in a backhaul slot in case of route switching or numerology change should be studied. 

Observation 2: System performance evaluation shows that compared to static TDM, dynamic TDM  gives system capacity gains due to the better resource utilization, and SDM further improves system capacity by utilizing the beams unavailable to backhaul links to serve UEs. The growing benefits of SDM can be observed if more IAB nodes are deployed.

Observation 3: Prototype field tests further verify that dynamic/flexible resource allocation (dynamic TDM with SDM) has benefits which can be realized in practice.

	Intel
	Proposal 9: Study approaches to offset the impact of half-duplex constraint on per link and overall system performance.

	LGE
	Proposal 9: Consider Option (a), (b) and (c) in Section 4.2 for scheduling IAB links.

Option A. Simultaneous transmission of access and backhaul link
Option B. TDM between access and backhaul link
Option C. TDM between gNB function and UE function

	Nokia
	Proposal 1: Support half-duplex IAB scenarios with both TDM and SDM/FDM between Access and BH links.

	OPPO
	Observation 2: By utilizing sidelink resources for the access link, it creates no interference to other access and backhaul links (thus no interference measurements needed), easier coordination of resources in the DL and UL with other rTRP and donor nodes, less half-duplex constraint since DL resources are not used in the access link, and UEs on the same sidelink would be able to communicate with each other without routing through network RRC connection.

	Vivo
	Proposal 1 : Timing control and power control mechanisms should be studied to enable the FDM/SDM multiplexing approache between backhual and access link .

	ZTE
	Proposal 1: Cases 1~3 (i.e. TDM between DB and DA, or between UB and UA) should have the first priority  in the scope of Rel-15 SI for IAB.

Proposal 2: The cases 4~9 (i.e. multiplexing between DB and DA, or between UB and UA are FDMed or SDMed) are excluded from the scope of Rel-15 SI for IAB.

Proposal 4: For TDM (case-1), multiplexing different links within ‘double periodicity’ corresponding to backhal link and access link respectively or dividing ‘single periodicity’ into ‘double periodicity’ can be considered. For FDM/SDM with transmit/receive simultaneously at the IAB node (case-2/case-3), reversing ‘D’ and ‘U’ of backhaul link for access link can be considered.


Observation: During RAN2#9bis the following agreements were made:

· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.

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.
Offline agreement: 
· 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
3.2 Multi-hop scheduling and resource coordination
Company proposals:

	AT&T
	Proposal 4: IAB should support frame structure coordination mechanisms which enable alignment of DL transmission with UL reception slots as well as alignment of DL reception with UL transmission slots at the IAB node.

	Ericsson
	Proposal: 
Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node. Fully dynamic as well as semi-persistent/semi-static scheduling should be supported. 

Proposal: 
Downlink IAB transmissions (transmissions from an IAB node to to its child IAB nodes and UEs directly under the IAB node) should be controlled by the IAB node itself, with possible restrictions imposed by the parent node. 

	Intel
	Proposal 5: Study IAB resource allocation scheme in terms of the control point, time scale, and resource allocation granularity. 

Proposal 8: Study mechanisms for IAB node to provide L1 and L3 measurement reporting for its access links to the DN.

	LGE
	Proposal 2: 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
	Observation 3: GC-PDCCH can enable interference coordination between DgNB cell and RN cell(s) with dynamic split between Access/BH in such that the network can be operated free from cross-link interference

	Qualcomm
	Observation 2.3: the TX/RX coordination pattern may be semi-persistent, periodic, dynamic, or it may follow a (pseudo-)random pattern. 

a (pseudo-)random pattern can increase detectability, and may be more suitable for inter-IAB-node discovery. 

a semi-persistent or periodic pattern may be more suitable for measurements.

Observation 2.4: the TX/RX coordination can be configured centrally by the network, or in a distributed manner by the IAB-nodes (e.g. randomly, or following a preconfigured rule).

Proposal 2.3: further study the details of the configuration of the TX/RX coordination and its required signaling.

	Sony
	Observation 1:
Both the centralized and distributed schemes have benefits and disadvantages in resource allocation.

Proposal 1: Resource configuration for IAB-N access and backhaul link transmission should be further studied.

	Vivo
	Proposal 2 : Dynamic partitioning between backhaul/access link should be studied. 

	ZTE
	Proposal 3: gNB/donor IAB allocates the time/frequency/code domain resource for backhaul and/or resource for access considering the request from IAB node.

Proposal 6: Centralized and distributed PDCCH configuration should be both considered.

Proposal 7: Extra information such as the hop level can be informed between IAB nodes.


Observation: During RAN1#92bis the following agreements were made: 

· 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.

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

· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.

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. 
Possible Offline Agreement: 
· 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/semi-persistent should be supported for frame structure and resource allocation 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) 
· FFS: dynamic resource coordination (e.g. faster than semi-static)
3.3 Frame structure, Scheduling, and Control Channel Design
Company proposals:

	AT&T
	Proposal 5: IAB supports dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment at the IAB node UE-f.

	ZTE
	Proposal 5: Some SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size need to be considered.

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

	Huawei
	Proposal 5: Enabling mechanisms to address the variation in the available OFDM symbols in a backhaul slot in case of route switching or numerology change should be studied. 

	Intel
	Proposal 6: Choose IAB resource allocation scheme based on criteria including specification impact, signalling overhead, system performance, complexity, scalability, and flexibility.

Proposal 7: Choose IAB scheduling scheme based on criteria including specification impact, signalling overhead, system performance, complexity, scalability, and flexibility.

	LGE
	Proposal 1: 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
	Observation 1: Resource allocation schemes developed for different access link scenarios can be reused for BH link.

Proposal 2: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links as well as related interference coordination.

Proposal 3: RN processing time capabilities need to be discussed as part of the IAB studies.

	OPPO
	Proposal 3: Both slot level and symbol level resource multiplexing between access link and backhaul link can be considered in IAB.

	Qualcomm
	Proposal 5.1: Further study is required to understand whether and how a DU of an IAB-node can ensure no DL/UL transmissions on an unallocated resource unit by using existing NR framework.        

Proposal 5.2: For resource partitioning on time-domain, the partitioning granularity, whether to be a symbol, a mini-slot, a slot or multiple slots, and its impact on various procedures shall be studied.

	Ericsson
	Proposal: 
Discuss further the use of “downlink” and “uplink” time/frequency resources in the context of an IAB node


Observation: In RAN1#92bis the following agreements were reached:

· The R15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
Companies proposed potential enhancements to be studied considering half-duplex constraints at the IAB node and relay node processing capabilities.
Possible Offline Agreement: 
· Different time-domain granularity for resource allocation (e.g. PDSCH mapping type A/B) for backhaul links and access links is supported
· Different numerology for both access and backhaul links is supported
· IAB supports dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment at the IAB node MT.
· Further study the following aspects for IAB resource allocation and scheduling:

· GC-PDCCH enhancements to facilitate dynamic resource allocation between the backhaul and access links as well as related interference coordination.
· SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size.
· IAB node processing time capabilities.
· Enabling mechanisms to address the variation in the available OFDM symbols in a backhaul slot in case of route switching or numerology change
3.4 Timing and Synchronization

Company proposals:

	AT&T
	Proposal 8: RAN1 should study over the air synchronization of IAB nodes using existing Rel. 15 initial access signal such as PSS, SSS, etc., as well as study enhancements to the synchronization signal to allow for multiple hops.

Proposal 9: IAB nodes should use timing advance received from the parent node to align its access subframes. The following options should be supported for over the air synchronization: 

· Option 1: The relative timing equal to TA/2 between the DL subframe on the backhaul and DL subframe on the access

· Option 2: FFS

	Huawei
	Proposal 3:  In RAN1, TA based approach can be further studied for OTA synchronization, with some enhancements for better timing accuracy. Other higher layer signaling based OTA synchronization can be also studied in RAN2/RAN3.

Proposal 4:  Frame timing synchronization for all IAB nodes should be assumed for TDD system.

Proposal 6: Symbol alignment to facilitate FDM/SDM between backhaul and access link, with synchronous frame timing should be studied.

	ZTE
	Proposal 9: Due to advantages/disadvantages and requirements, both synchronization and non-synchronization cases should be supported.

For synchronization, 

IAB node Tx to child node/UE and IAB node Rx from child node/UE are all aligned with reference timing at the donor node.

For non-synchronization, 

IAB node Tx to child node/UE is aligned with IAB node Rx from parent node, and IAB node Rx from child node/UE is aligned with IAB node Tx to parent node.

For transmit/receive to/from parent and child node simultaneously at the IAB node, IAB node Tx to child node/UE is aligned with IAB node Tx to parent node, and IAB node Rx from child node/UE is aligned with IAB node Rx from parent node.

	Vivo
	Proposal 1 : Timing control and power control mechanisms should be studied to enable the FDM/SDM multiplexing approache between backhual and access link . 

	CATT
	Proposal 4: The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 

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

Observation 2: To support SDM of backhaul and access link and reduce the complexity of DgNB, the transmission timing of IAB node may need to use the backhaul UL Tx timing for access link, leading to an unsynchronized network, which will cause interference to legacy UEs.

	Intel
	Observation 2:  For OTA signalling based synchronization among RNs, there could be timing offset among RNs/DNs due to timing estimation error in SSB detection, propagation delay estimation error from PRACH detection, and UE TX timing error. The timing offset could accumulate over multiple hops.     

Observation 3: TRS can be used to improve timing accuracy.

Proposal 1: Use SSB, PRACH, and TRS for OTA signalling based synchronization among RNs and DNs. 

Proposal 4: It is preferable to stick with one DL transmission timing reference at the IAB node  

	LGE
	Proposal 6: D/U alignment between parent node and child node can be considered and symbol boundary among simultaneous Tx/Rx links should be aligned in one node.
Proposal 7: It should be further studied that resource coordination to minimize cross-link interference in IAB scenario. 

Proposal 8: In determining timing for backhaul and access links, it is necessary to consider potential impacts of dynamic path change in backhaul link on access link performance. It seems desirable that timing of access link is not changed even if backhaul link path may change.

	Nokia
	Observation 4: NR cell selection and initial access procedures with TA based IAB timing adjustment can be used as the baseline for IAB synchronization.

Proposal 8. TA based synchronization can be taken as basis for IAB synchronization supporting also multi-hop scenarios.

	OPPO
	Proposal 1: 

TDD: The DL transmission timing of all IAB nodes should be time aligned to the donor node. The reception of UL transmission is time aligned to DL transmission timing per IAB node. 

FDD: The DL transmission timing to son IAB node is time aligned to the DL reception timing from father IAB node. The UL reception timing from son IAB node is time aligned to the UL transmission timing to father IAB node.

	Qualcomm
	Observation 3.1: the accuracy of the over-the-air (OTA) synchronization (using Uu interface) depends on the frequency band and the subcarrier spacing of the reference signals. 

Observation 3.2: OTA synchronization can support multi-hop IAB network: 8~10 hops for mmw bands, and 2~3 hop for sub-6 GHz bands.

Proposal 3.1: Over-the-air (OTA) synchronization (over Uu interface) can be used to synchronize a multi-hop IAB network to the IAB-donors.

Proposal 3.2: network should synchronize the IAB-donors using the available techniques, e.g. using GPS/GNSS, Ethernet, etc. 

Proposal 4.1: the slot boundaries across multi-hop IAB network should be aligned.

	Ericsson
	Proposal: 
Transmission timing of uplink IAB transmissions (transmissions from an IAB node to its parent node) should be controlled by the parent node in the same way as Rel. 15 uplink transmissions
Proposal: 
Transmission timing of downlink IAB transmissions (transmissions from an IAB node to its child IAB nodes and UEs directly under the IAB node) should be controlled by the IAB node itself 


Observation: During RAN1#92bis the following agreements were made:

· 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. 

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 timing alignment (e.g. relation between DL and UL timing for a given IAB node). Examples of alignment options are shown below:

                                                    
[image: image1]
Transmit is aligned between parent and child nodes DU Function

[image: image2]
Transmit is aligned between MT and DU Function of a node


[image: image3]
Receive is aligned between MT and DU Function of a node

Offline agreement: 

· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops
· Enhancements to existing mechanisms can be further studied

· The following cases should be further studied:

· Case 1: DL transmission timing alignment across IAB nodes and donor nodes
· Case 2: DL and UL transmission timing is aligned within an IAB node
· Case 3: DL and UL reception timing is aligned within an IAB node

· Case 4: Case 2 + Case 3 simultaneously supported within an IAB node

· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots

· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:

· Frame alignment

· Symbol-level alignment

· No alignment

· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs
3.5 Cross-Link Interference Management
Company proposals:

	AT&T
	Proposal 6: CLI mitigation techniques such as advanced receivers, transmitter coordination, etc. should be studied and prioritized in terms of complexity and performance.

Proposal 7: CLI measurements such as short term and long term measurements, multiple antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.

	CATT
	Proposal 3:  For inband backhaul access, the solution of handling self interference caused by transmission side lobe between backhaul link and access link should be studied.   

	Ericsson
	Proposal 1
Agree to study how to arrange and configure UL and DL transmission in all IAB links of an IAB chain in order to not overlap.

Proposal 2
Agree to study how to make IAB-(D)Ns aware of terminals at the edge of neighboring clusters, so that to perform interference (pre/post) cancellation or interference avoidance at the IAB-(D)N; e.g. Release 15 Beam Management.

	Intel
	Proposal 10: CLI management schemes designed in NR flexible duplexing can be the baseline for CLI management in NR IAB system. 

Proposal 11:  Schemes for RN-RN CLI measurement need to be able to capture the following two types of interference.

· RN-RN CLI caused by interfering RN transmitting in UL in the backhaul link.

· RN-RN CLI caused by interfering RN transmitting in DL in the access link.

Proposal 12: The CLI management schemes need to be able to manage RN-RN interference in the following four scenarios:

· Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.

· Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.

· Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.

· Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.

	LGE
	Proposal 7: It should be further studied that resource coordination to minimize cross-link interference in IAB scenario. 

	Nokia
	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.

	OPPO
	Observation 1: In a normal IAB scenario, a few aspects relating to link management, resource coordination, interference measurement and advanced receiver capability should be taken into consideration and resolved.

	Qualcomm
	Proposal 6.2: during NR-IAB SI, we should prioritize discussions of the design aspects that are fundamentally required for NR-IAB operation. Discussing enhancements (e.g. CLI, higher modulation, multi-link/multi-TRP, etc) should be deferred to WI or leverage a unified study with other NR features. 

	Sony
	Proposal 2:
CLI measurement components and signalling of measurement reporting should be further studied.


Observation: During RAN1#92bis the following agreements were made:
· 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. 

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).

Possible Offline agreement: 

· CLI mitigation techniques including advanced receivers and transmitter coordination should be studied and prioritized in terms of complexity and performance.
· CLI mitigation techniques should be able to manage the following inter IAB node interference scenarios:

· Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.

· Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.

· Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.
· Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.

· CLI measurements such as short term and long term measurements, multiple antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.

· Mechanisms for inter IAB node CLI measurement need to be able to capture the following types of interference:
· CLI caused by interfering IAB node transmitting in UL in the backhaul link.

· CLI caused by interfering IAB node transmitting in DL in the access link.
4 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
4.1 Spectral Efficiency Enhancements
Company proposals:

	AT&T
	Proposal 12: Consider to support 8 layers of PUSCH transmission in the spec. 

	China Telecom
	Proposal 5: It is necessary to introduce higher-order modulation such as 1024QAM.
Proposal 4: For IAB, high order SU-MIMO (>8 layers) and MU-MIMO (>12 orthogonal DMRS ports) can be considered. 

	Nokia
	Spectrum efficiency improvements can be considered generic NR features and do not have to be studied separately for IAB cases.

	Qualcomm
	During NR-IAB SI, we should prioritize discussions of the design aspects that are fundamentally required for NR-IAB operation. Discussing enhancements (e.g. CLI, higher modulation, multi-link/multi-TRP, etc) should be deferred to WI or leverage a unified study with other NR features. 

	Sony
	Include 1024-NU-QAM and other advanced constellation shaping in the study of 1024QAM for the IAB backhaul link.


Observation: During RAN2#92bis the following agreements were made:

· 1024QAM for the backhaul link should be studied.

FFS: whether solutions should be specified as part of an IAB WI or other NR WI
Several companies proposed to focus on IAB-specific features in the SI and not study enhancements which may be generically applicable NR features.
Possible Offline agreement: 
TBD
Appendix: List of Contributions
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Physical layer enhancement consideration on IAB
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R1-1806024
Overview of physical layer enhancements for IAB
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Enhancements to support NR backhaul link
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NR Physical Layer design for IAB backhual link
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R1-1806374
Discussion on enhancements for IAB
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R1-1806551
PHY layer enhancements for NR IAB
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R1-1806572
Discussion on NR enhancements to support IAB
Sony
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Discussions on NR IAB support
LG Electronics

R1-1806660
NR support for IAB
Nokia, Nokia Shanghai Bell

R1-1806765
Necessary Enhancements for NR IAB
Samsung

R1-1806821
On enhancements for IAB
China Telecommunications

R1-1806859
Discussion of backhaul link enhancement for IAB
OPPO

R1-1806970
Details of physical layer enhancements for IAB
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Physical-layer aspects related to IAB
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Enhancements to support NR backhaul links
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