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1   Introduction
In RAN1#94 [1], aspects on PHY layer enhancements for NR IAB have been discussed and several agreements have been made regarding backhaul detection, TA-based synchronization, PRACH for access and backhaul links, resource allocation and scheduling, cross-link interference management, etc. 
In this contribution, based on those discussion and agreements, we further elaborate those topics and present our views on the PHY layer enhancements for NR IAB.
2   Synchronization and initial access
2.1   IAB node discovery and RRM

RAN1#94 has agreed that 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 and/or 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 

Regarding Solution 1A, when reusing the same set of SSBs used for access UEs, there could be two options. 
· Solution 1A-1: Non-orthogonal SSB resources among IAB-donor and IAB-nodes. 
· Solution 1A-2: Orthogonal SSB resources among IAB-donor and IAB-nodes. 
For Solution 1A-1, non-orthogonal/overlapping SSB resources are allowed among IAB-donor and IAB-nodes. For inter-IAB node and donor detection, an IAB-node needs to apply SSB muting to stop transmitting its own SSB and listen to others at some time window. SSB muting could have impact to legacy UEs. For existing serving UEs of the SSB muting IAB node, SSB based RRM/RLM may have low SS-RSRQ/SS-RSRP during the SSB muting window and may trigger BFR/RLF mechanism. For UEs that are intending to perform initial access to the network, SSB muting of the IAB node may make UEs bypass this IAB node although it may be the best access point when SSB muting does not exist. 
For Solution 1A-2, when orthogonal SSB resources are applied among IAB-donor and IAB-nodes, SSB muting is not needed and there will be no impact to legacy UEs.  With respect to orthogonal SSB resources, TDM of SSBs within a half-frame or across half-frames can be considered. 

· For TDM of SSBs within a half-frame, the candidate SSB locations in a burst defined in current NR specifications can be further divided among IAB-donor and IAB-nodes.  
· For TDM of SSBs across half-frames, four orthogonal SSB resources can be configured for the 20ms default SSB periodicity. 
We can also combine TDM of SSBs within a half-frame and across half-frames to provide more orthogonal resources. 
Regarding Solution 1B, when using SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs, there will be the following options. 

· Solution 1B-1: Access and child backhaul links use the same frequency raster. FDM between SSBs for access and child backhaul links.  

· Solution 1B-2: Access and child backhaul links use the same frequency raster. TDM between SSBs for access and child backhaul links.
· Solution 1B-3: Access and child backhaul links use different frequency raster. SSBs for access and child backhaul links are transmitted in overlapping symbols.
· Solution 1B-4: Access and child backhaul links use different frequency raster. TDM between SSBs for access and child backhaul links.
For Solution 1B-1 and Solution 1B-2, since access and backhaul links are both using the same frequency raster (sync raster), there will be some impacts to UEs in the network as UEs could not differentiate and will be confused between SSBs for access and SSBs for child backhaul links.     
For Solution 1B-3 and Solution 1B-4, off-raster SSBs for backhaul links can be transparent to access UEs. For Solution 1B-3, as SSBs for access and child backhaul links are transmitting in overlapping symbols, SSB muting is needed due to half-duplex constraint in IAB-nodes. 
For Solution 2, it is not clear to us how CSI-RS based IAB node detection can be used in an unsynchronized network. 
Based on the discussion above, we think Solution 1A-2 has the least specification impact and UE impact (without SSB muting and off-raster SSBs), hence should be considered as the baseline solution for backhaul detection. As scalability of Solution 1A-2 could be constraint by the number of available orthogonal SSB resources, Solution 1B-4 can be applied as a supplementary solution if using Solution 1A-2 alone is not sufficient. 
To coordinate the orthogonal SSB resources among the IAB-donor and IAB-nodes for Solution 1A-2, or to coordinate access and backhaul links use different frequency raster with TDM for Solution 1B-4, new F1-AP signalling between the CU in the IAB-donor and the DUs in the IAB-nodes can be applied. 
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. 
2.2   TA-based synchronization
RAN1#93 has agreed that IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops. The following cases can 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: 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

RAN1#94 further made the following agreements: 
· At least Case #1 is supported for both access and backhaul link transmission timing. 

· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)

· 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

· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes

To compare the different cases, we plotted the timing relationship among DL/UL parent backhaul link, DL/UL access link and DL/UL child backhaul link.  Figure 2-1 illustrates an example of timing relation of Case 1; Figure 2-2 illustrates timing relations of Case 2/Case 3/Case 4/Case 5; and Figure 2-3 illustrates timing relations of Case 6/Case 7.
From the timing relations of different cases, we can see that Case 1 is the most straightforward way with all IAB nodes in the network synchronized and no impact to legacy UEs. For Case 2/Case 3/Case 4, all IAB nodes in the network are not synchronized. When a UE or an IAB node needs to switch serving node, it needs to re-sync to the new serving node. For Case 5, an IAB node needs to maintain two types of DL timing, (one for child backhaul DL and another for access DL), which will have high impact to legacy UEs since a UE could not differentiate the two sets of SSBs from its serving IAB node. For Case 6, UL receiving time from child IAB nodes are not aligned at their parent IAB node or donor, which may cause problem for parent nodes to receive simultaneous UL transmissions from child IAB nodes. For Case 7, since a UE or an IAB child node needs to do timing adjustment according to the serving IAB node’s parent DL reception timing, when a UE or an IAB child node is served with multiple parent nodes, the UL transmission timing difference to different parent nodes could be quite big which makes UL simultaneous transmission to multiple parent nodes difficult. 
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Figure 2‑1: Timing relation of Case 1
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Figure 2‑2: Timing relation of Case 2/Case 3/Case 4/Case 5
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Figure 2‑3: Timing relation of Case 6/Case 7
Observation 1: For NR IAB timing alignment Case 2-7:
· For Case 2/Case 3/Case 4, all IAB nodes in the network are not synchronized;

· For Case 5, an IAB node needs to maintain two types of DL timing, which will have high impact to legacy UEs;

· For Case 6, UL receiving time from all child IAB nodes are not aligned at parent IAB node or donor node;

· For Case 7, it does not work under multiple TRPs scenario. 

Proposal 3: For NR IAB transmission timing, do not support Case 2 – Case 6. Case 7 can be considered if SDM/FDM between parent backhaul and access/child backhaul links in a single baseband is needed for NR IAB. 

2.3   PRACH for access and backhaul links

RAN1#94 has made the following agreements for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.  

· 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 new RACH formats/configurations specific for IAB node random access

In our contribution [2], we have pointed out that different PRACH Configuration Indexes do not guarantee the orthogonality of PRACH transmitting time in an IAB node and its child node. For an IAB node to operate in half-duplex mode, the PRACH Configuration Indexes of the IAB node and its child node needs to be carefully chosen to guarantee the orthogonality among adjacent hops. 

To see if there is sufficient orthogonal PRACH configurations defined in Rel-15, we further listed orthogonal PRACH configurations defined in current NR specifications. For FR1 and TDD configuration Table 6.3.3.2-3 [4], some examples of time orthogonal groups with PRACH Configuration Index are listed as below. 
· Orthogonal group1: 0, 3, 5, 31 … 
· Orthogonal group2: 1, 3, 5, 31 …

· Orthogonal group3: 2, 3, 5, 31 …
· Orthogonal group4: 3, 4, 5, 6, 31, 32 …
· Orthogonal group5: 7, 8, 9, 10, 11, 12, 13, 14 …
· Orthogonal group6: 7, 8, 9, 11, 12, 13, 14, 15, 16 …
· Orthogonal group7: 8, 9, 10, 11, 13, 14, 15, 16, 17 …
· ……

For FR2 and TDD configuration Table 6.3.3.2-4 [4], some examples of time orthogonal groups with PRACH configuration Index are listed as below. 

· Orthogonal group1: 0, 12, 13 … 

· Orthogonal group2: 1, 12, 41 …

· Orthogonal group3: 2, 12, 13, 41 …

· Orthogonal group4: 3, 12, 13, 41 …

· Orthogonal group5: 4, 12, 41 …

· Orthogonal group6: 5, 12, 13, 41 …

· Orthogonal group7: 6, 12, 13, 41 …

· ……

Looking at the list, we believe that Rel-15 design is sufficient to support orthogonal PRACH configurations among IAB nodes and access UEs.   
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. 
2.4   Signalling for UE/RN cell selection in multi-hop

When a UE performs cell selection, the backhaul link condition should be factored in. To this end, several options have been considered and discussed, which can be referred to our previous contribution [2].  We summarize our proposals below.  

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. 
3   Resource allocation
RAN1#93 has agreed that semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 

RAN1#94 further agreed that for twelve TDM cases, an IAB node is configured with IAB-node specific resources in time available for the 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

· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links, including

· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources

· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)

3.1   Time-domain resource allocation
Under IAB network CU-DU split architecture, Rel-15 NR design allows semi-static time-domain resource allocation,  which can be done centrally at the CU and signal to MT of an IAB node or a UE via RRC signalling. 

· For cell-specific configuration, RRC parameter tdd-UL-DL-ConfigurationCommon indicates DL/UL pattern of the form DL-F-UL covering the duration of a configured UL-DL switching periodicity, with DL/UL indication in terms of # of slots and # of symbols. Remaining slots and symbols within the UL-DL switching periodicity are flexible. 

· For UE-specific configuration (may only overwrite the flexible symbols indicated by cell-specific configuration) on a per-slot basis, RRC parameter tdd-UL-DL-ConfigurationDedicated indicates # of DL symbols in the beginning of the slot and # of UL symbols in the end of the slot. The remaining symbols within the slot are flexible. 

Hence, the CU could semi-statically coordinate the time resource allocation among MT of IAB nodes and UEs considering factors such as overall system throughput, half-duplex of IAB nodes, per cell capacity and QoS, etc. In the meantime, existing F1 signalling mechanism ensures the parent DU is always in sync with its MT or UE, i.e., when CU configures MT or UE using RRC signalling, the parent DU will be informed on the configuration through F1 signalling between CU and DU. Therefore, semi-static time-domain resource coordination can be achieved among IAB DUs, IAB MTs and access UEs. Figure 3‑1 and Figure 3‑2 shows an example on TDD UL DL configuration among multiple IAB relay hops with TDM and SDM between parent backhaul and child backhaul/access links. It can be seen that SDM between parent backhaul and child backhaul/access links can be explicitly configured to an IAB node by properly coordinate the TDD configurations for the MT and the DU of an IAB node. 
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Figure 3‑1 Example on TDD UL DL configuration among multiple IAB relay hops with TDM between parent backhaul and child BH/access links
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Figure 3‑2 Example on TDD UL DL configuration among multiple IAB relay hops with SDM RX between parent backhaul and child BH/access links
Rel-15 NR design also allows dynamic time-domain resource allocation for an IAB node or a UE. This procedure is done by the combination of RRC signalling and DCI format 2_0. 

· The CU can configure RRC parameter slotFormatCombinations to give a list of slot format combinations, each comprises of one or more slot formats (corresponding to the 0-255 symbol level TDD formats). 

· RRC parameter SlotFormatIndicator will provide dci-PayloadSize to indicate the bit size of DCI 2_0. 

· The SFI field of DCI format 2_0 transmitted from parent DU in Group-Common PDCCH will specify the dynamic slot format configuration within the RRC signalled slot format combinations. 
To guarantee half-duplex constraint of adjacent hops, the slot format combinations among adjacent hops need to be coordinated. This can be done by CU sending high layer signalling (RRC, F1) to IAB node’s MT and DU functions.  
Observation 2: Rel-15 NR design allows semi-static time-domain resource allocation, which can be done centrally at the CU and signal to an IAB node or a UE via RRC message. In the meantime, the parent DU of the CU configured UE or IAB node will be informed about the resource allocation configurations via F1AP message.    
Observation 3: Rel-15 NR design also allows dynamic time-domain resource allocation for an IAB node or a UE.  High layer signalling is used to coordinate the slot format combinations in adjacent hops to fulfil half-duplex constraint.   
Proposal 7: Rel-15 NR design is sufficient for time-domain resource allocation among IAB nodes.
3.2   Frequency-domain resource allocation

For frequency-domain resource allocation, current Rel-15 NR design of BWP operations can be used, with the CU in IAB donor configure IAB nodes and UEs via RRC signalling. Each BWP is a subset of contiguous PRBs for a given numerology on a given carrier. The BWP configuration is split into DL and UL parameters and into common and dedicated parameters. Some BWP operations include:
· A set of at most four BWPs for receptions (DL BWP set) in a DL bandwidth can be configured by RRC parameter BWP-Downlink and a set of at most four BWPs for transmission (UL BWP set) in a UL bandwidth can be configured by RRC parameter BWP-Uplink. 
· Only one carrier BWP can be active at a given time.

· There are cell-specific RRC parameters BWP-UplinkCommon and BWP-DownlinkCommon; and UE-specific RRC parameters BWP-UplinkDedicated and BWP-DownlinkDedicated.  

· An initial active DL BWP can be provided by RRC parameter initialDownlinkBWP and an initial active DL BWP by RRC parameter initialUplinkBWP. 
RRC signalling on BWP configures the MT function of an IAB node. The DU of its parent IAB node can be configured by corresponding message between CU and the DU. In addition, there are existing F1 message can be used to coordination frequency-domain resources among DUs of IAB nodes, such as the Data Traffic Resources IE in the E-UTRA-NR Cell Resource Coordination Response Container IE signalled in GNB-DU RESOURCE COORDINATION RESPONSE. Further study is needed to see if the existing methods are sufficient for frequency-domain resource coordination among IAB nodes. 
Observation 4: Rel-15 NR design of BWP operations with RRC signalling can be applied for frequency-domain resource allocation in IAB. 
Observation 5: Rel-15 NR design have F1-AP messages that can potentially be used for frequency-domain resource coordination among DUs of IAB nodes.  
Proposal 8: Further study whether new design is need to support frequency-domain resource coordination among IAB nodes. 
4   Cross-link interference management 
RAN1#93 has agreed that cross-link interference (CLI) mitigation techniques should be able to manage the inter IAB node interference scenarios of four cases, which are also shown in Figure 4‑1. 

·    Case 1: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.

·    Case 2: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.

·    Case 3: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.

·    Case 4: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.
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Figure 4‑1: Four cases of inter IAB node interference scenarios
To address the cross-link interference, one way is to properly assign semi-static TDD configurations across network nodes to avoid interference. The semi-static TDD configurations need to ensure

· TDM among adjacent hops

· Same TDD configuration among IAB nodes in a same hop 

The downside of this approach is lack of flexibility and inefficient use of time/frequency resource. Also, it may not work for mesh networks without a clear order of hops. 

Another approach is to let each IAB node measure the interference level from its surrounding IAB nodes considering the two transmission directions of each surrounding IAB node (i.e., IAB node transmitting in UL in backhaul and transmitting in DL in access). Each IAB node can then report the measurement to CU for proper coordination among the IAB nodes. The effectiveness of this approach depends on the level of details the measurement and reporting provide (e.g., reporting on the aggregated interference level from all neighbouring IAB nodes, or reporting on the interference from each neighbouring IAB node) and the capability of the measurement report to track traffic variation. 

During the NR CLI management for dynamic TDD study, we proposed a link adaptation approach based on measurement that emulates the upcoming interference level. The design is illustrated in Figure 4‑2, where

· DCI in slot #n will provide (preliminary) resource allocation for slot #(n+1)

· Based on the resource allocation, DL RS or UL RS (e.g., DL/UL DMRS) are transmitted in subsequent symbols

· The RS transmission direction is the same as the scheduled slot #(n+1)’s direction, i.e., if slot #(n+1) is a DL slot, then DL-RS is transmitted in slot #n; if slot #(n+1) is an UL slot, then UL-RS is transmitted in slot #n.   
· The DL-RS and UL-RS are transmitted in colliding symbols 

· The receiver estimates CQI based on the RS which is used for link adaptation in slot#(n+1)   

It can be seen that the RS transmitted in slot #n emulates the channel and interference condition that slot #(n+1) would experience at the receiver, irrespective of the transmission direction and type of the link (backhaul, access). Also, the scheme is designed for distributed operation without central controller. For more details on the scheme, please refer to our previous contributions [5]-[7].  
Proposal 9: Consider link adaptation based on measurement that emulates the upcoming interference level for NR IAB CLI management. 
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Figure 4‑2: Proposed DL/UL-RS transmission for CLI mitigation

5   Enhancement on BFR and RLF
RA1#94 has made the following agreements regarding beam failure recovery and radio link failure. 

· 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

· Study the need for additional backhaul link condition notification mechanism from the parent IAB node DU to the child IAB node as well as corresponding IAB node behaviour.
· E.g., if the parent IAB node’s backhaul link fails (RLF or BF) 

· Note: this study is intended to focus on RAN1 aspects only (any higher layers aspects are to be handled by other WGs)
In IAB network, when an IAB node experiences parent backhaul link outage, all its child IAB nodes and served UEs need to switch routes to other IAB nodes or the IAB donor. Hence, the parent backhaul link outage will have high impact on overall system stability and performance. It is therefore desirable to consider enhancement on beam failure recovery and radio link failure recovery in the backhaul links to allow faster recovery of beam failure and radio link failure.  
5.1   Enhancement on BFR
In Rel-15, PRACH based BFR was specified, where contention based or contention free PRACH resources are configured for BFR transmission. However, PRACH resources are sparse which may lead to delay in BFR. To enable faster BFR, PUCCH based BFR can be enabled for backhaul links. Aspects such as PUCCH resource configuration for BFR, BFR UCI format can be designed.  

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

5.2   Enhancement on RLF management 
In current NR study, RLF related actions include the following procedures: 

· When the UE receives N310 consecutive out-of-sync indications from lower layers (which indicates N310 times of 200ms intervals when the UE is unable to successfully decode the PDCCH due to low RSRP detected), while T311 is not running (which indicates the UE is not currently under RRC reconnection procedure), the timer T310 starts. 

· Upon T310 expiry, the UE will consider RLF detected. 

· While T310 is running, when the UE receives N311 consecutive in-sync indications from lower layers (which indicates N311 times of 100ms intervals that the UE successfully decodes the PDCCH), the UE shall stop the timer T310 and the link has not failed. 

  Beam failure detection and radio link failure detection may be implicitly correlated since they may configured to measure the same reference signals. Hence, when beam failure is detected, the radio link failure timer T310 may also be triggered to start. But BFR and RLF may have different reporting mechanisms. For example, the beam failure happens between an IAB node and a UE which triggered the timer T310, while later beam failure recovery is successful. But the in-sync indications are not received on time (for instance, due to half-duplex constraint of the IAB node) before T310 expiry. That will result in a false RLF declaration. In this aspect, methods like introduce association between BFR success and radio link success, increasing the value of T310, or increase the threshold for RLF out-of-sync indications can be further investigated.   

  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
5.3   Additional L1 signalling to child nodes on parent backhaul link failure 
When an IAB node detects beam failure in its backhaul link, the IAB node may need to inform its child nodes about the backhaul beam failure situation, so that the child nodes can be start route switch earlier instead of waiting for RLF procedures. In CU-DU split system, as RRC resides in CU, signalling between IAB node and child nodes should be done by L1 signalling or by MAC CE message. 

The following aspects shall be studied to support this feature: 

· When should IAB node inform child nodes on the parent backhaul status. Some options include:

· Inform child nodes when T310 timer is about to expire

· Inform child nodes upon T310 timer expires and parent backhaul link RLF detected  

· The content of the message between IAB node and child nodes. Some options include:

· 1 bit indication on parent backhaul link RLF

· Detailed information on the parent backhaul status, including T310 and N310 status, number of active 

· The channel used for sending this message. Some options include:

· GC-PDCCH

· PDCCH

· MAC CE   
· SIB

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. 

6   Conclusion

In this contribution, we discussed RAN1 related issues in IAB networks. It is summarized by the following observations and proposals. 
Observation 1: For NR IAB timing alignment Case 2-7:
· For Case 2/Case 3/Case 4, all IAB nodes in the network are not synchronized;

· For Case 5, an IAB node needs to maintain two types of DL timing, which will have high impact to legacy UEs;

· For Case 6, UL receiving time from all child IAB nodes are not aligned at parent IAB node or donor node;

· For Case 7, it does not work under multiple TRPs scenario. 

Observation 2: Rel-15 NR design allows semi-static time-domain resource allocation, which can be done centrally at the CU and signal to an IAB node or a UE via RRC message. In the meantime, the parent DU of the CU configured UE or IAB node will be informed about the resource allocation configurations via F1AP message.    
Observation 3: Rel-15 NR design also allows dynamic time-domain resource allocation for an IAB node or a UE.  High layer signalling is used to coordinate the slot format combinations in adjacent hops to fulfil half-duplex constraint.   
Observation 4: Rel-15 NR design of BWP operations with RRC signalling can be applied for frequency-domain resource allocation in IAB. 

Observation 5: Rel-15 NR design have F1-AP messages that can potentially be used for frequency-domain resource coordination among DUs of IAB nodes.  
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 3: For NR IAB transmission timing, do not support Case 2 – Case 6. Case 7 can be considered if SDM/FDM between parent backhaul and access/child backhaul links in a single baseband is needed for NR IAB. 

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. 

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. 

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