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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, Measurements, and Initial Access
Company proposals:

	AT&T
	Proposal 1: IAB should support the configuration and coordination of orthogonal time/frequency resources and introduce new periodicities and time-domain mapping patterns 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:  The IAB node would perform LTE initial access for NSA operation.  The LTE RRC signalling needs to be enhanced to support the required control signalling of IAB node’s integration procedures, such as routing update and IAB DU setup with F1-AP setup procedure
· Proposal 2:  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 3:   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.  

· Proposal 4:  The CSI-RS used as the RS for the IAB node backhaul link measurements would work alone with different cases of the DL/UL transmission timing between the IAB node and hthe Donor gNB which required offset synchronization.     



	CMCC
	Proposal 1: Defining discovery SSBs on off-raster frequency positions and TDMed positions with access SSB, i.e., solution 1-B is slightly preferred. Proposal 2: To ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions, consider to apply an offset regarding the PRACH resource during initial access be configured for IAB nodes after initial access.


	Huawei
	Proposal 1: For the SSB-based IAB node discovery, use the SSBs which are orthogonal (TDM and/or FDM) with the ones used for access UE.
Proposal 2: For IAB node discovery and measurement, overlapping of SSB transmission among IAB nodes should be supported in order to save the measurement overhead.

Proposal 3: For a given IAB node, its SSB transmission should be muted to facilitate the measurement for other IAB nodes if its measurement window (SMTC) is overlapped with its SSB transmission.



	Intel
	Proposal 1: For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2), use Solution 1A-2 as baseline solution and Solution 1B-4 as a supplementary solution. 

Proposal 2: New F1-AP signalling from the CU to the DUs in the IAB-nodes is needed for SSB resource coordination among IAB nodes. 

Proposal 4: Rel-15 design is sufficient to support orthogonal PRACH configurations among IAB nodes and access UEs. No new PRACH formats/configurations is needed for NR IAB. 

Proposal 5: 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 6: At least 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 1: Rel-15 initial access and cell search mechanism can be reused for NSA scenario as well. MCG can assist measurement configuration for SCG via backhaul signalling of MCG.
Proposal 2: In Stage-2, hop count and path quality from a donor to each node should be considered in cell (re)selection and handover procedure. Each IAB node broadcasts path quality and hop count to assist initial access/handover. 

Proposal 3: The same enhancement can be also applied to Stage-1 initial access. 

Proposal 4 IAB supports aperiodic detection and periodic measurement of neighbor nodes.

Proposal 5: At least Solution 1-A (shared SSB based detection) is supported. Muting patterns can be configured by SMTC configuration. To support multi-beam coordination between TX/RX, longer duration and periodicities are introduced for SMTC configurations. 

Proposal 6: For Solution 1-A, aperiodic triggering of SMTC window is supported.
Proposal 7: Two muting patterns of SMTC configurations can be considered to minimize discovery overhead. For example, with first pattern, even hop nodes and odd hop nodes can alternate transmission and reception of discovery signals. With the second pattern, nodes in the same group in the first pattern can discover each other. 
Proposal 8: Measurement is done based on CSI-RS. Further consider relaxation of CSI-RS based RRM requirements.

Proposal 9: Larger periodicities are considered for IAB RACH resources. 

Proposal 10: RAR reception for IAB nodes and access UEs should be differentiated not to cause any ambiguity at UEs. 



	Nokia
	Proposal 7: RAN1 is asked to study whether an IAB specific RACH timing would solve the issue of RACH with BH ranges longer than the cell radius of the access cell.



	InterDigital
	Proposal 1: The need for PRACH formats and/or configurations specific for IAB node can be further studied. 
Proposal 2: How to configure or multiplex RACH resource for access UE and IAB nodes should be studied.


	Vivo
	Proposal 1: To assisting child IAB-Node perform parent node selection, following information is considered to be provided to child IAB-Node:
· Number of hops: indicates the IAB-Donor can be reached through how many hops from the node

· Parent-capable indicator: indicates whether the node can work as parent IAB-Node

· Remaining capability: indicates the remaining capability on both upstream and downstream links of current node/cell



	Qualcomm
	Proposal 1.1: NR allows network to configure the periodicity and radio frame location of backhaul RACH resources differently from the Rel-15 configurations to reduce backhaul RACH overhead and to orthogonalize backhaul RACH resources across adjacent hops.
--- 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.
Proposal 2.3: 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 2.4: support both solution 1-B (using off-raster SSBs TDMed with SSBs used by access UEs) and solution 2 (in case of synchronous network operation only) for IAB discovery.
Proposal 2.5: adopt the proposed framework in Table 5 for initial acquisition, inter-IAB-node discovery and measurements.



	Samsung
	Proposal 1: SSB based IAB node discovery and measurement should be supported as the baseline solution.
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.
Proposal 7: NR should consider multiple sets of RACH parameters for RACH multiplexing and a flag signal can be considered to indicate such configuration and broadcasted in system information.
Proposal 8: IAB should consider new preamble formats to support longer coverage compared to NR phase 1.
Proposal 10: 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.



	ZTE, Sanechips
	Proposal 1: For NSA deployments, initial IAB node discovery by the MT in Stage-1 follows the Rel-15 procedure for RRM measurement and initial access based on signals available to access UEs, without additional specification enhancements. 

Proposal 2:There is no need to study Stage-2 enhancements for Stage-1; if RAN1 agrees on the opposite, whether Stage-2 enhancement (if any) can be activatedin Stage-1 should be determined by the network.

Proposal 3: For Solution 1-A, the longer SSB muting periodicity can be usedfor IAB nodes. For Solution 1-B, SSBs used for IAB node discovery and SSBs used for access UEs are TDM+FDM multiplexed,with SSB muting supported.
Proposal 4: CSI-RS based solutions, if any, can only be optional.


	NTT DOCOMO
	Proposal 1: For NR IAB in NSA deployment, at least the following modifications to support IAB node initial access procedure should be considered.
· For IAB node initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms.

· RMSI for IAB node initial access can be 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.

Proposal 2: For NR IAB in SA/NSA deployment, it is beneficial to indicate/broadcast the support of donor/parent functionalities from IAB node in order to avoid unnecessary initial access/discovery/measurement procedures for surrounding node(s) not supporting donor/parent functionalities.
· FFS: how to indicate/broadcast the support of donor/parent functionalities.
Proposal 3: For NR IAB node/donor detection in Stage 2, it is beneficial to use additional SSB or CSI-RS transmitted by each IAB node/donor with long periodicity and sweeping all beams.
Proposal 4: For candidate BH link measurement, it is beneficial to report/indicate the result of IAB node/donor detection from each child IAB node to parent IAB node and/or surrounding nodes so that the parent IAB node and surrounding nodes/donors can transmit appropriate candidate beams for candidate BH link measurement.
· It is also beneficial that transmission of additional SSB or CSI-RS for candidate BH link measurement purpose applies shorter periodicity than that for IAB node/donor detection in terms of quick switching to available candidate BH link in case of blocking at current BH link.

· FFS: how to initiate/proceed the BH link switching at child IAB node in case where current BH link is not available.
Proposal 5: For appropriate backhaul link selection, it is beneficial for IAB node/donor to support at least one of followings.
· If each IAB node decides its backhaul link, each IAB node/donor transmits (e.g., broadcasts) information related to link quality and traffic load on backhaul link(s) to its IAB donor.
· 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).


	Sony
	Proposal 5: Further study case(s) which can support multiple parent nodes connection.

	CAICT
	Proposal 1: Different SSB periods are used by different hop group of IAB nodes, SSB muting is used for the same hop group of IAB nodes


Offline discussion:
· Details of required enhancements for SSB/CSI-RS based inter-IAB node discovery (e.g. new periodicities, time/frequency mapping patterns for muting, off raster SSBs, etc.) 
Discussion and possible agreements
Detection in stage 2

Current agreement says that at least one of the SSB-based solutions (solutions 1-A or 1-B) or the CSI-RS-based solution (solution 2) should be supported for inter-IAB-node and donor detection.

Solution 1 vs solution 2

From the contributions, it seems like most companies are assuming that an SSB-based solution should be supported. 

Possible agreement: For the purpose of inter-IAB-node and donor detection in stage 2, an SSB-based solution (solution 1-A and/or solution 2) is supported. 

From the contribution, it is further not clear that CSI-RS-based solution is needed (only a limited set of companies discusses it and, among these, several are negative). 

Possible agreement: For the purpose of inter-IAB-node and donor detection in stage 2, the CSI-RS-based solution (solution 2) is not supported. 

Solution 1-A vs solution 1-B
It seems like several companies have concerns over solution 1-A, more specifically over the impact on the performance of UE initial cell search due to muted SSB transmissions. Based on this, it seems like most companies wants (at least) Solution 1-B to be supported. 

Possible agreement: For the purpose of inter-IAB-node and donor detection in stage 2, SSB-based solution 1-B (new set of SSBs orthogonal to the SSB defined for UE initial access) is supported.  
FFS: Exact structure for solution 1-B SSB (periodicity, time/frequency-domain mapping, etc.
Note that it is somewhat unclear if this means that solution 1-A should not be supported or if solution 1-A (use of SSB used for UE access) can also be used if it would not lead to muting of IAB node transmission of SSB for UEs. If agreement cannot be reached agreement on this, one may, as a first step, agree on the following:
Possible agreement: An IAB node limited to half-duplex operation does not have to mute SSB transmissions intended for UE cell search when doing inter-IAB-node and donor search
A concern with solution 1-B has been that “new” solution 1B SSBs may confuse UE initial access. A proposal has been that, for solution 1-B, the “new” SSB should be “off-raster”, i.e. not lie on frequency positions where a UE doing initial access would search for cell-defining SSB. 

Possible agreement: Solution 1-B SSB should not lie on the frequency raster defined for cell-defining SSB.
Measurements:

There are proposals to support longer CSI-RS periodicity for inter-IAB measurements. It has also been comments that 

· This is somewhat of a detail that can be left to a possible WI

· It is not clear if such a CSI-RS extension should only be applicable to (the MT part of) IAB nodes or if it should  be seen as a general CSI-RS extension applicable also to later-release UEs

Possible agreement: Longer CSI-RS periodicity can be discussed during work item phase. Not clear if such an extension should only be applicable to the MT part of an IAB node or if it should be a general CSI-RS extension applicable also to later-release UEs. 

Random access
There are proposals to support longer RACH periodicity for inter-IAB random access. Similar to above that is somewhat of a detail that could potentially be left to a possible WI.
Possible agreement: Longer RACH periodicity can be discussed during work item phase. 

NSA/SA IAB node integration procedure
At least two companies have expressed skepticism regarding the broadcast of topology-building-related information. One company suggested that at a cell should, at least, broadcast (within  RMSI) the ability to serve as a parent cell for IAB nodes. 

Possible agreement: RMSI of a cell includes information if the cell is capable of serving as a parent cell for IAB nodes. 

2.2 Backhaul link management 

Company proposals:

	AT&T
	Proposal 2: The use of aperiodic out-of-sync and in-sync indications based on the beam failure recovery procedure should be supported to assist the RLF procedure for IAB-nodes.

Proposal 3: A MT triggered beam management procedure should be studied for overhead reduction in IAB

	Huawei
	Proposal 4: A notification mechanism of parent backhaul link condition from an IAB node DU to its child IAB node MT should be supported via MAC-CE or L1 signaling.

	Intel
	Proposal 10: PUCCH based BRF can be supported for backhaul links in NR IAB.

  Proposal 11: For NR IAB, enhancement on RLF management for backhaul links can be considered. Schemes include

· Introduce association between BFR success and radio link success
· Increasing the value of T310  

· Increase the threshold for RLF out-of-sync indications
Proposal 12: Study different aspects regarding when IAB node should inform its child node on parent backhaul status, the content of the message between IAB node and child nodes, the channel used for sending this message, etc. 

	LGE
	Proposal 11: Define a new event/state (e.g., unstableness) which occurs before any failure occurs (e.g., beam failure or RLF). This state (or failure state) can be informed to child nodes where a child node may perform cell reselection based on the indication or recovery mechanism based on multi-path operation can be initiated

	InterDigital
	Proposal 3: Mechanism of avoiding radio link failure with beam failure recovery for IAB node can be considered. 

	Qualcomm
	Proposal 8.1: NR supports success of beam recovery procedure stopping the T310 timer and preventing IAB UEF to declare RLF.
Proposal 8.2: NR supports DCI-based QCL indication for PDCCH, to enable faster beam switching. 
Proposal 8.3: RAN2 should discuss whether and how an IAB-node provides notification to its children about the condition of its parent BH link.


Offline discussion:
· Linkage between beam failure recovery and RLF
· Notification of parent backhaul link condition to child IAB node

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 4: In addition to TDM partitioning of parent and child links, 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 5: 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 9: DL and UL transmit power coordination between IAB nodes should be supported, including mechanisms for DL power control between a parent and child IAB node.

	Ericsson
	Proposal 1 Define the following set of time-resources for IAB-node resource configuration:
· Set-1: time resources during which the IAB node should be capable of receiving the DL backhaul (LP,DL)
· Set-2: time resources during which the UL parent backhaul (LP,UL) may be scheduled.
· Set-3: time resources during which the IAB node should not schedule transmission on UL access links (LA,UL)
During time resources not part any of the above sets, the IAB node can make local decisions on how to schedule child links and how to react on scheduling grant/assignment from the parent node.

Proposal 2 If a collision happens between a scheduling grant available for the UL parent backhaul (LP,UL) and an already issued scheduling grant for the UL child backhaul (LC,UL), and the IAB node has data available for uplink transmission on LP,UL, there are two options: 

· Option 1: the IAB node transmits on UL parent backhaul and ignore the possible UL transmission on the child link;

· Option 2: the IAB node does not transmit on UL parent backhaul

	CMCC
	Proposal 4: If SDM/FDM Tx and SDM/FDM Rx scenario is supported, case 5 is preferred since it has fewer impacts on performance on access UEs compared with case 4. The following enhancements are needed:

1) Enhancements to indicate negative TA values are needed. 
2) Enhancements ensure that no misunderstanding by initial access UEs of different access link timing and backhaul timing should be considered if this scenario is supported.
Considering the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario, it is preferred to put SDM/FDM Tx and SDM/FDM Rx scenario with low priority.
Proposal 6: Single Panel operation poses more stringent requirements on timing and transmission powers, yet provides multiplexing flexibility for BH and AC links, therefore, both single panel and multiple panel operation should be supported for more flexible IAB deployment.

Proposal 7: 

a) In TDM Tx scenarios (Case 1a and 2a), more aggressive power control schemes in BH uplink could be considered for IAB node to improve BH link transmission efficiency.

b) In FDM Tx scenarios(Case 2a), the transmit power imbalance of IAB should be prevented.

c) In SDM Tx scenarios(Case 2a), the transmit power of SSB and other reference signals should be guaranteed with a stable power for the serving UEs. 

d) In SDM/FDM Rx scenarios(Case 2b), consider gNB transmit power reduction or power control to prevent intolerable received power differences between gNB and UE in uplink.


	Huawei
	Proposal 5: For the MT at a given IAB node, its parent backhaul link transmission occasions should be configured in semi-static manner.

Proposal 6: For the DU at a given IAB node, its child link transmission occasions should be configured in semi-static manner.

Proposal 7: For a given IAB node, the resource configuration for the MT and DU should take the resource multiplexing between the parent link and the child link into account.

Proposal 8: Mechanism for dynamic TDM/FDM/SDM resource sharing between MT and DU, should be supported, and at least the following options should be further studied

· Introducing additional L1 signaling to indicate the usage of configured backhaul slots 
· Reusing Rel-15 dynamic scheduling mechanism 

Proposal 9: In order to support dynamic resource sharing between MT and DU, the following processing time constraint should be considered:

· The MT’s PDCCH should be ahead of its associated PDSCH/PUSCH
· The MT’s PDCCH should be ahead of the DU’s PDCCH for its child link.
Proposal 10: 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.
Proposal 18:  RAN1 should study and define the slot pattern of the parent backhaul slot, i.e., the starting and ending OFDM symbol location.

	Intel
	Proposal 7: Rel-15 NR design is sufficient for time-domain resource allocation among IAB nodes.
Proposal 8: Further study whether new design is need to support frequency-domain resource coordination among IAB nodes. 



	Lenovo/MotM
	Proposal 1: Support dynamic resource partitioning at symbol or symbol group level between parent backhaul link and access link/child backhaul link for efficient multiplexing.
Proposal 2: Reuse DCI 2_0 for slot/symbol/symbol group level resource partitioning among parent backhaul link and access link/child backhaul link of an IAB node.
Proposal 3: A new state “A” is added in addition to states “D”, “F”, “U” to explicitly indicate the resource for access link/child backhaul link when DCI 2_0 is transmitted by an IAB node.

Proposal 4: Study the impact of DCI 2_0 processing delay in a multi-hop IAB system.

	LGE
	Proposal 13: Resource partition to address half-duplex is determined in a distributed manner at each IAB node. To support this, resource partition or slot format indication is informed by a parent to its child nodes. The child nodes also inform their selected resource partitions or slot format indications. 

Proposal 14: Reuse slot format indication mechanism of Rel-15 SFI design where flexible resource by semi-static configuration can be changed to either downlink or uplink dynamically. 

Proposal 15: Unused resource indicated as downlink or uplink semi-statically can be used for other purpose. For example, unused backhaul downlink from a parent node to an IAB node can be reused for uplink from access UEs to the IAB node. 
Proposal 16: 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. 

Proposal 17: In FDM/SDM, techniques to minimize or suppress undesirable inband emission need to be considered.



	Nokia
	Proposal 1: Adopt signalling principles used for NR Rel-15 slot format indication (layered structure, adaptation periods, granularities, etc.) also for the IAB scenario.
Proposal 2: Support the following resource types for IAB node, based on NR-Rel-15
· Type A: Resources for DL Parent BH link 
· Type B: Resources for UL Parent BH link 
· Type C: Flexible resources available for DL/UL Parent BH and DL/UL Child link(s)
Proposal 3: Support the following resource types for IAB nodes:
· Type 1: Resources for DL Child link(s) 
· Type 2: Resources for UL Child link(s)
· Type 3: Flexible resources available for UL or DL Child link(s)
· Type 4: Resources available for DL Parent BH link and UL Child link(s)
· Type 5: Resources available for UL Parent BH link and DL Child link(s)
Proposal 4: Support additional slot formats for DCI 2_0 according to resource Types 1-5
Proposal 5: Discuss the need for resource types supporting full duplex operation at the IAB node.
Proposal 6: Consider the following scenario as the baseline IAB operation for the case of SDM/FDM between Parent BH and Child links:
•
Multi-panel deployment
•
Separate baseband per panel (multiple baseband)
•
Parent BH and Child links are processed with different antenna panels and/or by means of TDM.

	NEC
	Proposal 1: Both the slot-level and symbol-level granularity for the cases 1-12 are supported for TDM between link 1 and link 2.
Proposal 2: Link 1 or link 2 can be semi-statically configured with transmission occasions in a symbol-level, or slot-level, and in full band, partial band or subband.

	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.
Proposal 11: Both symbol-level and slot-level granularity can be supported and for adaptation period, its duration should be configurable, where within each adaptation period, a bitmap can be used to indicate the active link.

Proposal 12: An IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command and a confirmation signaling can be used for notification.
Proposal 9: The following solutions can be considered for IAB node power control with higher priority given to backhaul links
· Always reducing transmission power from IAB considering access link, 
· Having time durations to protect access link from higher transmission power of IAB node, 
· Introducing closed loop power control for backhaul link.  

	Vivo
	Proposal 2: Slot format for backhaul link can be design based on the existing TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211

Proposal 3: Further study how to extend the existing signalling and indication in order to allow SDM multiplexing between backhaul and access link.

Proposal 4: 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 
For resource coordination

Proposal 5: Dynamic partitioning between backhaul/access link should be specified for NR IAB by extending current dynamic SFI mechnism. 

Proposal 7: IAB node scheduling delay and processing delays for uplink and downlink should be defined.

	ZTE
	Proposal 6: The configuration of frame structure covering {LA,DL, LA,UL} and {LC,DL, LC,UL} of an IAB node is originated from the IAB node itself.
Propose 7: To study frame structure configuration for backhaul and access link multiplexing, based on one bitmap for backhaul DL and another bitmap for backhaul UL.

Propose 8: To study the power control on backhaul downlink for FDM/SDM purpose, including the reporting from IAB node for the expected received power and the indication from parent node for the planned transmission power.  

	Qualcomm
	Proposal 5.1: The indication of resource partition pattern shall provide support to differentiate resources that are dedicated for child access links only, or dedicated for child backhaul links only, or shared among child access links and child backhaul links.
Proposal 5.2: RAN1 shall consider the following two options for indication of resource partition pattern: 

· Option1: Keep Rel15 TDD DL/UL slot configuration unchanged and define a separate signaling message, e.g. a F1-AP signaling message, to indicate resource partition pattern.

· Option2: Extend Rel15 TDD DL/UL slot configuration messages with new fields to indicate resource partition pattern together with DL/UL directions.
Proposal 5.3: Interaction between resource partition pattern and Rel15 resource allocation shall be further studied, including confliction resolution rules.
Proposal 5.4: A dynamic coordination approach shall be supported with new signalling messages required at NR Uu interface for IAB-node:

· Extended SFI with a new “NULL” state for an IAB-node to indicate non-schedulable resources to its child IAB-node.

· A new message from child IAB-node to request adjustment of NULL resources of the IAB-node.
Proposal 6.1: the power of the concurrent parent BH link and access/child BH link (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.



	Sony
	Proposal 1: Both centralized and distributed coordination should be further studied 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.

	CACIT
	Proposal 2: The IAB slot type could be divided into backhaul only slot, access only slot and sharing slot between acccess and backhaul.


Offline discussion:
· Centralized vs. distributed resource coordination

· Granularity and classification of resource partitions for IAB nodes (e.g. resources available for Tx/Rx at a given child IAB-node DU and/or MT, use of existing or new DL/UL slot formats, flexible resources, etc.)
· Support for dynamic resource coordination/adaptation between parent and child IAB nodes
· Identify required enhancements for SDM/FDM operation (e.g. DL power control, single vs. multi-panel)
3.2 Timing and Synchronization

Company proposals:

	AT&T
	Proposal 6: IAB supports Case 3 where DL and UL reception timing is aligned within an IAB-node

	Huawei
	Proposal 11: For FR1, it should be studied how to improve the OTA synchronization accuracy in order to multi-hop topology.

Proposal 12: It should be studied how the DL Tx timing adjustment value of IAB node can be acquired in an accurately and timely manner to avoid timing error propagation and system performance degradation.
Proposal 13: It should be studied how to maintain IAB node local DL Tx timing in case of route switching.
Proposal 14: Case #6 should be supported to achieve transmission timing alignment between MT and DU.
Proposal 15: Case#7 should be supported to achieve reception timing alignment between MT and DU.
Proposal 16: In addition to timing alignment, other mechanisms to interference mitigation between MT and DU in case of SDM, should also be studied, including:

· Orthogonal DMRS configuration between MT’s parent backhaul link and DU’s child link

· Interference mitigation receiver

Proposal 17: Timing alignment between MT and DU should be studied for both intra-panel and inter-panel FDM/SDM.


	Vivo
	Proposal 6: Further study is needed for IAB timing case 6 and 7 in order to support SDM/FDM

· For case 6, FFS Tx power difference issue between BH uplink and AC downlink at IAB-node

· For case 7, FFS for power imbalance issue for reception for BH downlink and AC uplink at IAB-node



	CATT
	· Proposal 6:  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.   

· 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. 



	CMCC
	Proposal 3: If SDM/FDM Tx and TDM Rx scenario is supported, case 2 is preferred in terms of symbol alignment in UL reception.
Proposal 5: To support TDM Tx and SDM/FDM Rx scenario, case 7 can be considered since it can achieve synchronization transmission among all DU functions and symbol alignment for reception. Enhancements to indicate negative TA values are needed.

	LGE
	Proposal 12: In addition to Case 1, Case 5 is also supported to allow efficient backhaul resource sharing and minimize impacts on access UEs by topology adaptation of IAB nodes.

	Nokia
	Proposal 8: RAN1 is asked to clarify potential specification impacts for the timing cases 3,4,6 and 7.

	Qualcomm
	Proposal 3.1: 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 3.2: IAB TR to mention TA-based OTA synchronization may support up to [5] hops in MMW bands. 

Proposal 3.3: 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. 

Proposal 4.1: TR to capture the comparison of various timing alignment cases. 

	ZTE, Sanechips
	Proposal 5: Should Case-7 timing be further studied, to study the symbol-level timing alignment between DL-Rx and UL-Rx rather than frame-level or slot-level alignment.

	ASUSTeK
	Proposal 1: Case 6 is adopted for setting access and backhaul link transmission timing. How to avoid inference due to symbol level reception misalignment can be for further study

	Ericsson
	Observation 1 From an IAB specification point-of-view, there is no difference between case #1 and case #7 timing.

Observation 2 Case #6 timing implies that the parent node is no longer in control of the IAB-node uplink transmitter timing and prevents timing alignment between different uplink transmissions received by the parent node.

Observation 3 Timing case #2 and #3, in combination with an assumption that the downlink transmission timing should be aligned between different nodes with a maximum specified deviation, limit the geographical extend of an IAB chain

Based on the above observations, taking into account that case #1 has already been agreed to be supported and the fact that, from a specification point-of-view, case #1 and case #7 are identical, we propose that the downlink transmission timing of IAB nodes should follow the basic principle of case #1 and case #7, i.e. downlink transmissions of IAB nodes are mutually aligned, together with an understanding that uplink reception timing is an IAB-node implementation issue not covered by the specification. 

Proposal 3 IAB-node downlink transmissions are time-aligned between IAB nodes. IAB-node uplink reception timing is an IAB-node-internal decision not covered by the specification.

We also conclude what is needed to enable such downlink transmission timing alignment (see [1] for details):

Proposal 4 The downlink transmission timing of an IAB node is derived from the downlink reception timing, the downlink-to-uplink timing offset of the MT part of the IAB node (TA), and a parameter T( provided by the parent node. 

	NTT DOCOMO
	Proposal 6: For IAB node transmission timing, multiple options can be supported and preferred case can be selected in operation according to IAB node coordination based on deployment scenario, operation and IAB node implementation.

At least for TDD band, DL transmission timing alignment across nodes (i.e., Case #1, #5, #6 or #7) should be applied to avoid negative impact on access UE procedure e.g., for neighbour cell measurement.


Offline discussion:
· Capture comparison of timing cases and specification impact
· Identify cases to be supported in addition to Case #1
Discussion

Case #1 is already agreed to be supported (note! Not necessarily exclusively supported).
Definition of case #1: 

· IAB node downlink transmission timing is aligned between IAB nodes

· IAB node uplink transmission timing is controlled by the IAB node and may vary within the bounds of the Rel-15 specifications. 

Does it make sense to capture this definition?

Possible definition: Timing case #1:

· IAB node downlink transmission timing is aligned between IAB nodes

· IAB node uplink transmission timing is controlled by the IAB node and may vary within the bounds of the Rel-15 specifications. 

Regarding other timing schemes beyond case #1, one could start by stating that backwards compatibility should be retained. This would imply that, for IAB-to-UE links, case #2, #3, and #7 are not possible. However, one could then consider if other timing schemes could be applied for IAB-to-IAB links.
Possible agreement: Any scheme for IAB node transmission timing should be backwards compatible to Rel-15
· Downlink transmissions from IAB nodes to UEs are aligned between IAB nodes

· No negative timing alignment for IAB-node-to-UE links.

Note! This agreement in itself does not limit the transmission timing for inter-IAB-node links

 Interference Management

Company proposals:

	AT&T
	Proposal 7: Beam measurement and reporting based on L1-SINR is needed to mitigate CLI in IAB 

Proposal 8: 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 5:  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 19: The DU-to-MT CLI measurement should adopt the inter-cell interference measurement mechanism in NR Rel-15.
Proposal 20: For MT-to-DU, MT-to-MT and DU-to-DU CLI, RAN1 should study a unified inter-IAB node CLI measurement framework, following the DU-to-MT CLI measurement, including:

· Unified CSI-RS for the CLI measurement
· Unified CLI measurement timing with the uniform IAB DL Tx timing as assumption
Proposal 21: Both distributed and centralized interference management schemes should be studied for inter-IAB CLI management.

Proposal 22: 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 9: Consider link adaptation based on measurement that emulates the upcoming interference level for NR IAB CLI management. 

	ZTE
	Proposal 9: 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 10: DMRS orthogonality between the backhaul link and access link should be introduced.

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

· IAB SI should identify IAB-specific aspects of CLI and provide an input to CLI WI to investigate such aspects. 

	Nokia
	Proposal 9: Consider the feasibility of different measurement metrics, e.g. RSRPs or RSSI or SINR, for UL-to-DL CLI measurements. 
Proposal 10: Support flexibly configurable CSI-IM resource that can be adapted according to the resource configuration of interfering UL RS.
Proposal 11: Consider hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements in the IAB framework.
Proposal 12: Consider group triggering mechanisms to enable group of interfering nodes to transmit RSs at predefined time instant(s).


	Samsung
	Proposal 6: Information on the SRS/DMRS of interfering IAB nodes should be exchanged between coordinated gNBs.



	CMCC
	Mechanisms to mitigate potential CLI due to accumulated time shift of UL transmission timing caused by case 2 in multi-hop scenario needs to be studied. Considering the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario, it is preferred to put SDM/FDM Tx and TDM Rx scenario with low priority.

	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:

· Identify CLI metrics: RSRP, RSSI, SINR, etc.

· Need for coordination of RS (e.g. CSI-RS, DM-RS, SRS) configuration and measurement timing between IAB nodes

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:

	Huawei
	Proposal 23: Up to 1024QAM should be considered for backhaul link.

Proposal 24: Phase noise compensation performance improvement on backhaul link should be investigated to support higher order modulation above 64QAM.


	Vivo
	Proposal 8: 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


	Nokia
	Proposal 13: Study further the impact of timing error to the performance of UL-to-DL CLI mitigation in backhaul with higher order modulations, e.g. 64-QAM, 256-QAM and 1024-QAM.



Offline discussion: Necessary enhancements to support 1024 QAM on backhaul links
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