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1 Introduction
This contribution provides a summary of section 7.2.3.1 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 and Initial Access
Company proposals:

	AT&T
	Proposal 1: IAB should support the configuration and coordination of orthogonal time/frequency resources and periodicities for SSB transmissions (i.e. SMTC) and CSI-RS resources intended for backhaul link discovery and maintenance across multiple backhaul hops taking into account the IAB topology.

	CATT
	Proposal 6:  The IAB study should refine to the case that the IAB-node and the Donor gNB have different cell IDs.  

	CMCC
	Proposal 2: IAB nodes should use time-domain PRACH resources that are TDMed with access UEs of its mother node after initial access.

Proposal 3: Study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions. 

	Ericsson
	Proposal 1
Study on reusing SSB signal intended for UE reception to achieve IAB inter-node discovery should be prioritized.
Proposal 2
Consider using SSB muting scheme for IAB inter-node discovery.
Proposal 3
When reusing SSBs intended for UE reception to achieve IAB inter-node discovery, two options can be considered:
-
Option 1: Muting all SSBs within a half radio frame (HRF)
-
Option 2: Muting partial SSBs within an HRF
Proposal 4
Study the impact of randomized/periodically muted SSBs from the cells of IAB nodes on the UEs cell-search performance

	Huawei
	Proposal 1: Study whether the maximum number of candidate SSBs in Rel-15 is sufficient to serve both access UEs and IAB nodes for initial access.
Proposal 2: Support TDM of SSBs for IAB nodes and access UEs considering the following two options (1) TDM within a SSB burst set; (2) TDM across SSB burst sets with dedicated periodicity and offset settings for IAB nodes.
Proposal 3: The SSBs for IAB node discovery and RRM measurement can be placed at the frequency location different from those for initial access, in order not to cause UE confusion.

· Off-raster frequency position can be an option for further study
Proposal 4: The SSBs for IAB node discovery/measurement among IAB nodes can be overlapped.  

Proposal 5: For a given IAB node, its SSB transmission should be muted to facilitate the measurement for other IAB nodes if its SMTC window is overlapped with its SSB transmission.
Proposal 6: For IAB node discovery and backhaul link RRM measurement, the principle defined in Rel-15 should be a starting point and further optimization can be studied for backhaul links to save measurement overhead

· Longer SMTC period and CSI-RS measurement period

· Aperiodic measurement configuration 

	Intel
	Observation 1: Different PRACH Configuration Index does not guarantee the orthogonality of PRACH transmitting time in an IAB RN and its child node. 

Proposal 6: For an IAB RN to operate in half-duplex mode, the PRACH Configuration Index of the IAB RN and its child node needs to be carefully chosen to guarantee the orthogonality among adjacent hops. 

Proposal 1: For NR IAB node discovery and RRM, use Solutions 1 or 5 as baseline solution and use Solution 3 as a supplementary solution.

Proposal 2: To coordinate the SSB resource or periodicity across IAB nodes, either RRC or F1-AP signalling can be applied.

Proposal 3: 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.

Proposal 4: For Rel-16, no additional specification effort is needed for IAB node selection considering backhaul link condition. Further enhancement can be considered in future releases. 



	LGE
	Proposal 2: For Cell selection/measurement mechanisms, maximizing of min(RSRP) among all the links from DgNB through IAB nodes to a UE should be considered. 

Proposal 3: To assist UE selection, hop count and min(RSRP/RSRQ) from a donor to an IAB node can be broadcast via RMSI in the IAB node.
Proposal 7: IAB supports aperiodic detection and periodic measurement of neighbor nodes.
Proposal 8: It is desirable to separate discovery signal for detection and measurement at least from configuration perspective. Detection signal should supports Tx and Rx beam sweeping whereas measurements may support only a selected set of Tx-Rx beam pairs. 
Proposal 9: Discovery signal for detection of different nodes are transmitted in different symbols. Each discovery signal performs Tx beam sweeping and is repeated for Rx beam sweeping.

	Nokia
	Observation 1: IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases. 
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-patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.    

Observation 3: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.        
Observation 7: Random access of the UE part of the IAB node is less frequent compared to access UEs. 

Observation 8: For sharing RACH resources between IAB and UE access, the maximum round-trip time (i.e. cyclic shift step) should be estimated based on the IAB hop length rather than the maximum path loss supported by IAB node for a RACH format.  

Proposal 6: Multiplexing RACH transmissions of access UEs and IAB nodes can be handled within the Rel-15 framework. 

	OPPO
	Proposal 1: Both semi-static and dynamic SSB resource coordination among IAB nodes can be supported. 

	Potevio
	Proposal 1: Access IAB-nodes should at least know SS/PBCH block time information of a part of other IAB-nodes in the IAB network.

	Qualcomm
	Observation 1.1: The ratio of backhaul link distance to access link distance might be much higher than two in NR.

Observation 1.2: If access and backhaul links use same resources for RACH, supportable number of cyclic shifts for each ZC root sequence decrease significantly.

· This, in turn, leads to the use of higher number of ZC root sequences in each cells and higher interference during RACH transmission.

Observation 1.3: Periodicity of backhaul RACH resources, that are orthogonal to access RACH resources, can be extended to reduce overhead.

Proposal 1.1: NR allows network the flexibility to configure access and backhaul RACH resources with different occasions and periodicities. 

· Different mechanisms can be considered to enable this, e.g., additional bits can be introduced in RMSI to indicate backhaul CBRA occasions.

Proposal 2.1: to address the half-duplex constraint in the IAB-node discovery and measurements, support different TX/RX coordination patterns. The patterns may be (pseudo-)random, semi-persistent/periodic, or dynamically configured. 

Proposal 2.2: support configuring the TX/RX pattern both centrally (baseline) and in a distributed manner.

· FFS the required signaling.
Observation 2.1: Sporadic SSB transmissions, following a muting pattern, may confuse the initial access UEs, if they are transmitted on a sync raster.

Proposal 2.3: use off-raster SSBs for IAB discovery and measurements. 
Proposal 2.4: simple modifications to the NR R15 RRM framework should be considered to make it more suitable for backhaul operations, such as

· configuring new values for CSI-RS/SMTC periodicity (e.g. larger than 160 msec),

· increasing the maximum number of SMTC configured per frequency, 

· supporting more flexible time-domain location of the SSBs within a SMTC,

· leveraging SMTC design to configure transmission windows (STTC). 
Proposal 2.5: adopt the proposed framework in Table 5 for initial acquisition, inter-IAB-node discovery and BH measurements.

	Samsung
	Observation 2: Off raster SSB will cause higher signaling overhead and its configuration should be further studied. 
Proposal 1: Multiplexing should take the enhancements made for IAB node discovery and measurement into consideration. E.g., slots with SSBs for IAB node discovery should be avoided when scheduling UL.
Proposal 2: SSB TDM pattern should depend on hop order and different TDM patterns can be configured for different hop order.
Proposal 3: SSB muting pattern should depend on hop order and different TDM patterns should be configured across IAB nodes with the same or different hop order.

Proposal 4: Following Alts can be considered for SSB muting
· Alt1: Predefined muting;

· Alt2: Semi-persistent or dynamic SSB muting.
· FFS: Signaling procedure

Proposal 6: NR should support additional signaling either conveyed via X2 interface or broadcasted with system information for multiplexing IAB and UE RACH resources. A flag in higher-layer parameters can be considered to indicate such configuration.

	ZTE
	Proposal 1: SSB muting can be combined with parameter-based TDM or configuration-based TDM of SSB.

· e.g, the parameter-based TDM of SSB (e.g., parameterized on cell ID) is applied to the IAB nodes with different node-specific parameters, and SSB muting provides further orthogonal dimension in time domain.   
Proposal 2: The additional IAB node discovery signal, if desired, can only be optional.

Proposal 3: Study the solution to support multiple random access formats in one BWP.  

	NTT DOCOMO
	Proposal 1: NR IAB should support modified initial access procedure to initially integrate to NW in addition to same initial access procedure as an access UE. At least following modifications should be considered.
· For initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms.

· RMSI for IAB node initial access is transmitted with longer periodicity than SS/PBCH block periodicity.

· RMSI for IAB node initial access transmitted by IAB node/donor supporting NSA for access UE contains only minimum necessary information to establish initial connection to IAB node/donor, such as RACH configuration.

· Presence/absence of RMSI for IAB node (not for UE) associated with SS/PBCH block is indicated by different way from RMSI presence/absence indication for UE.


IAB node discovery
Offline Proposal: 
· In case of SA deployments, initial IAB node discovery by the MT (Stage 1) follows the Rel.15 procedure for cell search and initial access based on SSBs available for access UEs without additional required specification support.
· FFS: NSA deployment

Offline Proposal: 

· For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) at least one of the following solutions should be supported:

· SSB-based solutions (Solution 1):

· Solution 1-A) Reusing the same set of SSBs used for access UEs

· Solution 1-B) Use of SSBs which are orthogonal (TDM/FDM) with SSBs used for access UEs

· Mechanisms to support half-duplex transmission/measurement of SSBs (e.g. muting patterns) for Solution 1-A) or Solution 1-B) 
· Further study potential impacts of the above solutions on access UEs performing initial access/in IDLE mode, including:

· Cell detection/measurement performance impact due to loss of SSB occasions due to muting

· Discovery of SSBs by access UEs which are intended only for IAB node discovery

· CSI-RS based solutions (Solution 2)

· Feasibility of CSI-RS only based discovery in case of unsynchronized network operation 
· Further study enhancements to existing configurations (e.g. SMTC and CSI-RS configuration) and inter-node coordination (e.g. F1) for Solutions 1) or 2) and possibility of aperiodic transmission of SSBs/CSI-RS
RACH

Offline Proposal: 
· IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities, and/or formats, compared to access RACH resources without impacting Rel.15 UEs
· Further study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions.
· Further study the need for RACH formats/configurations specific for IAB node random access
2.2 Backhaul link management and route selection measurements

Company proposals:

	AT&T
	Proposal 1: IAB should support the configuration and coordination of orthogonal time/frequency resources and periodicities for SSB transmissions (i.e. SMTC) and CSI-RS resources intended for backhaul link discovery and maintenance across multiple backhaul hops taking into account the IAB topology.

	CATT
	· Proposal 1:  Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  

· Proposal 2:   The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  

	Ericsson
	Proposal 5
Study the enhanced IAB donor/node functionality and signaling to measure and communicate the backhaul conditions in terms of CSI, traffic information, resource budget consumption, etc., to support a formation of multi-hop backhaul connection being capable of supporting the end-to-end UE performance.
Proposal 6
Study the feasibility and necessity of configuring the MT of IAB node to monitor NR-PDCCH on multiple beam pair links simultaneously.
Proposal 7
Study the beam-switch coordination schemes and which configuration parameters of the alternative beam pairs to track to enable quick beam switching and minimize service outage due to link blocking/failure.


	Huawei
	Proposal 6: For IAB node discovery and backhaul link RRM measurement, the principle defined in Rel-15 should be a starting point and further optimization can be studied for backhaul links to save measurement overhead

· Longer SMTC period and CSI-RS measurement period

· Aperiodic measurement configuration 

Proposal 7: Faster beam failure recovery mechanism for backhaul link should be studied.

Proposal 8: Beam failure notification mechanism to child node and child node’s behavior should be studied.

	Intel
	Proposal 10: Study mechanisms on IAB node power saving.  


	LGE
	Proposal 1: In RRM measurement, not only RSRP/RSRQP but also node type and hop count need to be considered. For RRM report triggering event, enhancements are supported such as introducing a new event based on hop count comparison and RSRP/RSRQ offset based on hop count. 
Proposal 7: IAB supports aperiodic detection and periodic measurement of neighbor nodes.
Proposal 8: It is desirable to separate discovery signal for detection and measurement at least from configuration perspective. Detection signal should supports Tx and Rx beam sweeping whereas measurements may support only a selected set of Tx-Rx beam pairs. 
Proposal 10: CSI-RS configurations for RRM measurement can be reused for discovery signal for measurement.

Proposal 11: Define a new event/state (e.g., unstableness) which occurs before any failure occurs (e.g., beam failure or RLF). A mechanism (e.g., duplicate transmission and multi-path management) can be adopted during the new state. 

Proposal 12: Upon the new event, mechanism of data duplication to the affected nodes can be considered. Informing such information to its parent(s) and child(s) are supported. The detailed procedures can be further discussed.



	Nokia
	Proposal 1: RAN1 is asked to consider the need for IAB specific SSB transmissions and if the CSI-RS (or SRS) based detection and monitoring of the IAB nodes is sufficient between nodes that have done cell selection and network access.

Observation 4: CSI-RS based IAB link monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB. 



	OPPO
	Proposal 2: Both slot level and symbol level resource multiplexing between access link and backhaul link can be supported in IAB.

	Qualcomm
	--- inter-relay discovery and measurements ---

Proposal 2.1: to address the half-duplex constraint in the IAB-node discovery and measurements, support different TX/RX coordination patterns. The patterns may be (pseudo-)random, semi-persistent/periodic, or dynamically configured. 

Proposal 2.2: support configuring the TX/RX pattern both centrally (baseline) and in a distributed manner.

· FFS the required signaling.
Observation 2.1: Sporadic SSB transmissions, following a muting pattern, may confuse the initial access UEs, if they are transmitted on a sync raster.

Proposal 2.3: use off-raster SSBs for IAB discovery and measurements. 
Proposal 2.4: simple modifications to the NR R15 RRM framework should be considered to make it more suitable for backhaul operations, such as

· configuring new values for CSI-RS/SMTC periodicity (e.g. larger than 160 msec),

· increasing the maximum number of SMTC configured per frequency, 

· supporting more flexible time-domain location of the SSBs within a SMTC,

· leveraging SMTC design to configure transmission windows (STTC). 
Proposal 2.5: adopt the proposed framework in Table 5 for initial acquisition, inter-IAB-node discovery and BH measurements.

--- link failure recovery ---
Observation 3.1: In Rel-15, RLF is declared after a N310 consecutive OOS are detected and T310 timer runs for the configured time without receiving N311 consecutive IS indications.

· In Rel-15, failure of beam recovery procedure leads to RLF declaration. 
· In Rel-15, Success of beam recovery procedure does not impact RLF procedure.
Observation 3.2: Radio link monitoring and candidate beam reference signals can be different.

· Communication can happen via candidate beam reference signal even if radio link monitoring reference fail.

Observation 3.3: Declaring RLF is costly for an IAB UEF node.

· The corresponding IAB DU will have to release all resources of its child nodes.
Proposal 3.1: NR supports success of beam recovery procedure stopping the T310 timer and preventing IAB UEF to declare RLF.


	NTT DOCOMO
	Proposal 2: For appropriate backhaul link selection, NR IAB should support at least one of followings.
· If each IAB node decides its backhaul link, each IAB node transmits (e.g., broadcasts) information related to link quality and traffic load on backhaul link(s) to its IAB donor together with IAB node discovery signal.
· If IAB donor decides backhaul links for all child IAB nodes, each IAB node reports information related to link quality and traffic load on backhaul link(s) including its measurement results on IAB node discovery signal of parent IAB node and measurement results reported from child IAB node(s).



Offline Proposal: 

For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements. Further consider the following aspects:
· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 

Offline Proposal:
To support RLM/RLF procedures for IAB nodes, the following should be further studied: 

· Enhancements to support interaction between Beam Failure Recovery success indication and RLF 
· Enhancements to existing beam management procedures for faster beam switching/coordination/recovery to avoid backhaul link outages should be considered for IAB nodes

Offline Proposal:
Study the need for additional backhaul link condition notification mechanism from the parent IAB node DU to the child IAB node if the parent IAB node’s backhaul link fails (RLF or BF) as well as corresponding IAB node behavior.

3 Dynamic resource allocation between backhaul and access links
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 TDM/FDM/SDM access and backhaul traffic multiplexing

Company proposals:

	AT&T
	Proposal 2: IAB should support coordination mechanisms for the partitioning of time slots and frequency resources across multiple backhaul hops to support configuration of orthogonal resources for scheduling access and backhaul links served a given IAB node DU.
Proposal 8: IAB should support access and backhaul traffic multiplexing on single link (DL or UL) using multi-user MIMO transmission schemes.

	CATT
	Proposal 5:  The slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shifts.   The number of the OFDM symbol shifted at the slot boundary of the IAB node should be configured to be the same for all IAB nodes in the cluster.   

	CMCC
	Proposal 4: Both inter- and intra-panel FDM and SDM should be considered for the specification. Timing alignment is required for both intra-panel and co-baseband inter-panel case; power control enhancement is required for intra-panel case.

Proposal 5: 

a) To improve BH link transmission efficiency in TDM scenario, more aggressive power control schemes can be considered for IAB node. 

b) Impact on transmission power of SSB and other RSs which requires stable power allocation for IAB UEs due to power sharing between SDMed BH and AC links should be investigated and schemes to avoid such impacts should be studied.

c) Consider schemes for gNB transmit power reduction in case the power imbalance of received signal strength from gNB and UE varies too much in FDM and SDM case.

	Huawei
	Proposal 10: An IAB node can be configured with a set of slots for backhaul and access transmission including the link directions.

Proposal 12: To support FDM and SDM between backhaul and access links, enhanced downlink power control scheme on backhaul link should be studied in order to solve the power imbalance issue between backhaul and access links.

	Intel
	Observation 2: The semi-static configuration on cell-specific DL-UL-F configurations and the set of slot format combinations in Rel-15 NR design is expected to be sufficient for time-domain resource allocation for IAB nodes.  
Observation 3: Current NR design support frequency resource allocation across IAB node in RB level. 
Proposal 9: Clarify that in NR IAB, if FDM and SDM are supported, it should assume that the IAB node has multiple antenna panels and multiple basebands each serving different frequency bands or transmission directions.  

	Lenovo/MotM
	Proposal 1: Support dynamic resource partitioning between backhaul link and access link for efficient multiplexing.

	LGE
	Proposal 5: Regardless of which option is selected for access/backhaul link resource sharing and timing, further considerations to address multi-path are necessary. Consider split TDM pattern by splitting IAB topology into multiple sub-topology. 
Proposal 6: Further considerations on handling in path switching is needed. For each option for resource partitioning mentioned in Section 2, techniques to handle dynamic topology change can be different. 

	Nokia
	Observation 5: Resource allocation schemes developed for different access link scenarios can be reused for BH link.

	OPPO
	Proposal 3: Reusing existing slot format table in IAB should be supported. How to indicate slot format of IAB system using existing slot format table needs FFS.

	Samsung
	Proposal 5: To guarantee required guard periods within an IAB node, a priority rule between BH transmission and BH reception, BH and Access, Access DL and Access UL can be further discussed.

	Vivo
	Prposal 1: in order to enable the FDM/SDM multiplexing approach between backhual and access link, timing control scheme should be considered to maining the timing alignment between backhual and access link maintain receiving power as same as possible to avoid power imblance between backhual and access link 

Proposal 2: Dynamic partitioning between backhaul/access link should be specified for NR IAB. 

	ZTE
	Observation 4: Transmission power sharing between backhaul uplink and access downlink can be implemented in either RAN1 specification or RAN4 specification. 

Proposal 5: Additional signal should be introduced to coordinate received power levels on backhaul links and access links that are multiplexed by FDM/SDM.

	ASUSTeK
	Proposal 2: Some symbols in backhaul link are required to set as gap for avoiding interference to access link.

Proposal 3: Symbol level reception alignment between backhaul link and access link is required for supporting FDM/SDM multiplexing. How to adjust symbol timing for transmission in backhaul link can be for study.

	Qualcomm
	Proposal 8.1: the power of the concurrent access and backhaul links (multiplexed in frequency or spatial)

· should be controlled semi-statically – at least for the transmissions that cannot dynamically change the power (like DL RS for RRM, periodic CSI-RS)

· can be determined dynamically for the remaining transmissions. 
· FFS: enhancements to allow more efficient SDM/FDM of the access and backhaul links.


Offline Proposal:
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)
 SHAPE  \* MERGEFORMAT 



Offline Proposal:
Existing Rel.15 slot-based and non-slot-based resource allocation can support TDM of parent and child links, where child links can include access links to UEs and/or backhaul links to child IAB nodes

Example of Slot based partitioning:

 SHAPE  \* MERGEFORMAT 



Example of Symbol based partitioning:
 SHAPE  \* MERGEFORMAT 



Offline Proposal:
To support TDM, a pattern which is specific to an IAB node is configured which indicates resources in time available for parent and child 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
· Potential need to differentiate the resources for UL child backhaul and UL access transmissions in time
· Further study the indication of resources within the configuration which can be dynamically and flexibly used for parent and child links by the IAB node, including
· The need to consider the scheduling delay or information required to be available for the use of flexible resources

· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)
Offline Proposal:
In addition, 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

Offline Proposal:
Clarify the SDM scenario definition: 
· SDM 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 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)
For the support of SDM, further study the following aspects:

· Transmit power coordination between parent and child links 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)
3.2 Scheduling and resource coordination

Company proposals:

	AT&T
	Proposal 3: IAB should support frame structure coordination mechanisms which enable alignment of DL transmissions of the IAB node’s DU with UL transmission slots of the IAB node’s MT as well as alignment of DL reception slots of the IAB nodes’ MT with UL reception slots at the IAB node’s DU.

Proposal 4: IAB should support dynamic frame structure coordination between a parent IAB node and child IAB node which enables flexible utilization of either DL or UL resources within a semi-statically coordinated and configured DL/UL resource pattern.
Proposal 7: DL and UL transmit power coordination between IAB nodes should be supported, including mechanisms for closed-loop DL power control between a parent and child IAB node.

	Huawei
	Proposal 9: Semi-static slot configuration for each IAB node should be supported,

· For L2 IAB, the configuration is determined by the CU of IAB donor according to centralized coordination, and configured by the CU to the DU of is associated IAB nodes

· For L3 IAB, the configuration is determined by each IAB node according to distributed coordination

Proposal 11: For the backhaul-access dynamic sharing slot, the PDCCH time location for IAB node MT’s backhaul link and the PDCCH for its DU’s access link should meet the following requirement
· The backhaul link PDCCH (BH-PDCCH) should be ahead of its associated PDSCH/PUSCH

· The backhaul link PDCCH (BH-PDCCH) should be ahead of the access link PDCCH (AC-PDCCH)


	Intel
	Proposal 7: Study approaches to offset the impact of half-duplex constraint on per link and overall system performance.


	Lenovo/MotM
	Proposal 2: Reuse DCI 2_0 for dynamic resource partitioning among backhaul link and access link of an IAB node.
Proposal 3: Further study whether to reuse “F” or add a new state to indicate the resource for access link.

	LGE
	Proposal 13: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used. 

	Nokia
	Observation 6: Depending on the IAB architecture and protocol choices, RRC signalling may need to be enhanced to support multiple hops with centralized resource pool coordination. 
Proposal 3: Granularity for the resource pool coordination between IAB-donor and IAB-nodes is one slot. 
Proposal 4: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links as well as centralized resource coordination. 
Proposal 5: RN processing time capabilities need to be discussed as part of the IAB studies. 

	Qualcomm
	--- resource allocation and coordination ---
Proposal 6.1: A semi-static resource partitioning shall be supported as a baseline approach, where a set of resources, called schedulable resources, are determined for each IAB-node to schedule its child nodes.

· To support a centralized implementation of the semi-static resource partitioning schemes. New upper-layer (F1-AP) signaling is needed to indicate the required reports for selecting schedulable resources and provide the selected resources. 

· Exact signaling format is out of RAN1 scope. 

· The granularity for schedulable resource pattern shall be configurable.

· A schedulable resource pattern for an IAB-node can be associated with only a subset of its child links.

· Interaction between schedulable resource pattern and the resource allocation (e.g. RRC-configured resources) shall be further studied, including e.g. conflict resolution rules.
Proposal 6.2: A dynamic coordination approach shall be supported with potentially using enhanced slot format indication framework.


	Sony
	Observation 1:
Both the centralized and distributed schemes have benefits and disadvantages in resource allocation.
Proposal 1: Both centralized and distributed coordination should be supported in IAB.
Proposal 2: Slot granularity coordination should be supported for time domain coordination. Resource block granularity should be supported for frequency domain coordination.
Proposal 3: Exchanging of topology related information should be introduced for resource coordination.

	ZTE
	Observation 3: The semi-static frame structure configuration supporting TDM/FDM/SDM can be based on existing RRC signaling. 

Proposal 4: Some SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size can be considered.



3.3 Timing and Synchronization

Company proposals:

	AT&T
	Proposal 6: IAB supports at least Case 1 timing alignment (DL transmission timing alignment across IAB-nodes and IAB-donors) by applying a relative timing equal to TA/2 between the DL subframe received by the IAB node MT function on the backhaul link and DL subframe transmitted on the access link by the IAB DU function.

	Huawei
	Proposal 13: For FR1, it should be studied whether TA/2 timing adjustment for OTA based DL Tx timing synchronization can work for multi-hop topology.

Proposal 14: It should be studied how the DL Tx timing of IAB node can be configured in an accurately and timely manner to avoid timing error propagation and system performance degradation.
Proposal 15: It should be studied how to maintain IAB node local DL Tx timing in case of route switching after it finishes initial DL Tx timing configuration.
Proposal 16: In order to support symbol alignment between access and backhaul link within IAB node, additional TA adjustment on IAB node or UE should be further studied.

	ZTE
	Observation 1: It can be difficult to achieve DL transmission timing synchronization between IAB node and its parent node in the timing alignment cases other than Case 1. 

Observation 2: The timing alignment cases other than Case 1 may have timing stability issue on the access downlink. RAN4 input is necessary for the further study of these cases. 



	Vivo
	Proposal 3: timing case 2,3,4,5 can be further considered for IAB design.

	CATT
	· Proposal 7: 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. 

	Intel
	Proposal 5: For NR IAB synchronization, support Case 1 for NR IAB. 

	LGE
	Proposal 4: Each option for access and backhaul link timing may have pros and cons. Further identification when each option is the most effective seems necessary. Depending on the scenario, different option may be used. 

	Nokia
	Proposal 7: It should be clarified whether there will be standard impacts related to use of different timing options or could they be left for implementation options.
Proposal 8: Options leading to synchronized network can be taken as a baseline for IAB operation and deployment. The other options can be left for later studies and/or choices for implementation.

	Qualcomm
	--- over-the-air synchronization ---
Observation 4.1: TA-based OTA synchronization can support multi-hop IAB network (4~5 hops) for mmw bands. TA-based OTA synchronization is not sufficient to support multiple hops in lower bands.

Proposal 4.1: To tighten the OTA timing error, especially in lower bands, RAN1 should consider the following solutions:

· Using wider band signals (UL and DL) to achieve more accurate timing estimation 

· Enhancing TA, e.g. by reducing its granularity and increasing the number of bits
Proposal 4.2: IAB TR should mention TA-based OTA synchronization can support up to [5] hops in MMW bands. 

Proposal 4.3: IAB network should use other synchronization techniques, such as GNSS and PTP, along with OTA techniques to achieve tight network synchronization. 

Proposal 4.4: it should be further studied how timing adjustment of an IAB-node (following OTA synchronization) impacts the operation of its child IAB-nodes and UEs. 

--- multi-hop timing alignment ---
Proposal 5.1: the timing alignment case 1 (where slot boundaries across multi-hop IAB network are aligned) is adopted as the baseline. 

· The other cases that allow simultaneous transmissions and/or receptions over two adjacent hops should also be supported.

· It is left to network, which case to select. 


	Sony
	Proposal 5: Case 5 should be supported.

	ASUSTeK
	Proposal 1: Case 1 is adopted for setting access link timing of an IAB node.

	Ericsson
	Proposal 8               Conclude on of if a deviation from the requirement on inter-cell synchronization for IAB nodes goes against the basic IAB requirement on backwards compatibility:
-        If yes: Agree on case 1, i.e. downlink transmissions of the IAB node is (approximately) time aligned with the downlink transmissions of the serving cell. This is achieved by shifting the downlink transmission of the IAB node TA/2 relative to the downlink reception from the serving cell.
-        If no: Agree on case 2, i.e. downlink transmission of the IAB node is time aligned with the uplink transmission of the IAB node.


From R1-1808578:

· 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: within an IAB node, when transmitting using case 2 while when receiving using case 3

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

	Case
	Benefits
	Drawbacks

	#1
	-Results in normal cellular operation with non-IAB specific DL interference scenarios

-IAB timing is not shifted in a multi-hop scenario, DL TX timing the same in all nodes

-Minimized changes when IAB operation changed to gNB (when wired BH provided)
	-Potential IAB node internal interference issues due to multiple timing, this may be alleviated by the usage of multiple antenna panels and/or RX/TX units

	#2
	-Facilitates single panel TX and scheduling for both BH and access

o
Signal dynamics to be considered, though

-Somewhat simpler implementation of an IAB node
	-For the access UEs, network cannot be viewed as synchronized; DL TX timing depends on the propagation delay over the BH link

-Timing is shifted at each hop where the shift is an accumulated value of the propagation delay over all hops

-More complex implementation/configuration of dual connectivity when the serving nodes are of different hierarchy level of the IAB topology (different number of hops)

	#3
	-Eliminates excessive interference due to timing differences on access and BH links; e.g. when the difference exceeds the CP length. Differences in the signal levels may have to be considered, though.
	-Would allow alignment of DL TX but would require usage of negative TA values

-  In non-synchronous operation, same issues as in case 2.

	#4
	-Single timing for TX an RX within the IAB node (except random access)
	-Requires negative TA cannot be applied for random access

-Otherwise same issues as with cases 2 and 3

	#5
	-Synchronized network form the UE point of view, also in a multi-hop scenario

-Different TX and RX timing separated in time at the IAB node, some implementation and interference issues eliminated
	-
Same as with case#1




Offline Proposal: 
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· In addition to Case #1, focus on the following two cases:

· 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
· Note: The feasibility of Cases #6/#7 when the IAB node is connected to multiple parent nodes is FFS

3.4  Interference Management

Company proposals:

	AT&T
	Proposal 5: IAB should support short term and long term CLI measurement and coordination of measurement occasions across multiple backhaul hops, which can enable load measurement, identification of the level of coupling between interfering nodes, and take into account multiple antenna and beamforming techniques at the transmitter and receiver.

	CATT
	Proposal 4:  The interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification 

	Huawei
	Proposal 17: In addition to symbol alignment, other mechanisms to enable SDM based interference mitigation should also be studied, at least including

· DMRS orthogonal configuration between access and backhaul links

· Interference mitigation receiver 

Proposal 18: Both distributed and centralized interference management schemes should be studied for inter-IAB CLI management.

Proposal 19: RAN1 should study the enabling mechanisms to support the inter-IAB node CLI mitigation method, at least including

· Time/frequency coordination

· Beam coordination

· Power control

	Intel
	Proposal 8: Consider link adaptation based on measurement that emulates the upcoming interference level for NR IAB CLI management.

	ZTE
	Proposal 6: The IMR should be introduced on backhaul downlink to protect SRS measurement on access uplink, in case the two links are multiplexed by FDM/SDM.
Proposal 7: Orthogonal DMRS between the backhaul link and access link should be introduced.

	Qualcomm
	--- cross-link interference ---
Observation 7.1: in a homogenous IAB network, the worst-case SINR (due to BH-to-BH interference) is sufficiently high: >20dB at 10% and >30dB at 50%.

Observation 7.2: IAB CLI scenarios are very similar to cross-link (in flexible TDD) and inter-cell interference scenarios in the access network.  

Proposal 7.1: IAB CLI study should be unified with other CLI scenarios and worked out in the CLI WI.

	Sony
	Proposal 4:
Long term CLI measurement can be configured for IAB-N. The CLI measurement burden at UE side should be minimized.


Offline discussion:
1) Short term/long-term CLI measurements

2) Time/frequency coordination of resources/RS configurations

3) Beam coordination

4) Power control

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
Company proposals:

	AT&T
	Proposal 9: Consider to support 8 layers of PUSCH transmission in the spec. 

	Huawei
	Proposal 20: Up to 1024QAM should be considered for backhaul link.

Proposal 21: Phase noise compensation performance improvement on backhaul link should be investigated to support higher order modulation above 64QAM. Two possible directions are: 1) PT-RS redesign 2) Compensation algorithm improvement, e.g., CPE with ICI.

	Qualcomm
	

	Vivo
	Proposal 4: it is preferred that Solutions should be specified as part of an IAB WI. UE supporting 1024QAM(if any)  should be a new UE type


Offline discussion:
1) Requirements to support HOM for IAB

2) Support of 8 layers PUSCH for IAB

Appendix: List of Contributions
R1-1808101
Physical layer design for NR IAB
Huawei, HiSilicon

R1-1808241
Enhancements to support NR backhaul links
vivo

R1-1808339
Discussion on Enhancements to support NR backhaul links
Sony

R1-1808398
NR Physical Layer design for IAB backhual link
CATT

R1-1808511
Discussions on NR IAB support
LG Electronics

R1-1808551
Discussion on resource partitioning for IAB network
Lenovo, Motorola Mobility

R1-1808578
NR support for IAB
Nokia, Nokia Shanghai Bell

R1-1808691
PHY layer enhancement to support NR IAB
Intel Corporation

R1-1808772
Necessary Enhancements for NR IAB
Samsung

R1-1808836
Discussion on enhancements to support NR Backhaul links
CMCC

R1-1808879
Discussion of backhaul link  enhancement for IAB
Guangdong OPPO Mobile Telecom

R1-1808918
Discussion on IAB node discovery and measurement
Potevio

R1-1809072
Enhancements to support NR backhaul links
AT&T

R1-1809103
Discussion on physical layer enhancements for IAB
ZTE, Sanechips

R1-1809155
Discussion on enhancements to support NR backhaul links
NTT DOCOMO, INC.

R1-1809231
IAB physical layer enhancements for backhaul link management
Ericsson

R1-1809250
Discussion on Timing Alignment for IAB nodes
ASUSTEK COMPUTER (SHANGHAI)

R1-1809442
Enhancements to support NR backhaul links
Qualcomm Incorporated
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