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1   Introduction
In RAN1#94bis [1], aspects on PHY layer enhancements for NR IAB have been discussed and several agreements have been made regarding inter-IAB node detection, timing and synchronization, random access support, resource allocation and scheduling, 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   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

· CSI-RS based solutions (Solution 2)

RAN1#94bis has further made the following agreements. 

· Solution 1-A and Solution 1-B are both supported

· Enhancements for off-raster SSB, e.g. new periodicities and time-domain mapping can be considered 

· Solution 1-B means SSB, that may get muted, for inter-IAB cell search and measurement in stage 2 is not on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted outside of the SMTC configured for access UEs
· Solution 1-A means SSB for inter-IAB cell search in stage 2 is on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted inside of the SMTC configured for access UEs
· An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2

· For SA, means that SSBs transmitted on the currently defined sync raster follows the currently defined periodicity for initial access 

· Means that Solution 1-B implies SSB, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSB used for UE cell search and measurements

· CSI-RS can be used for inter-IAB detection in synchronous network
· Extended CSI-RS periodicities can be considered
For Solution 1B, off-raster SSB will be used for inter-IAB cell search and measurement in stage 2 for a SA frequency layer and off-raster SSB will further TDM with SSB used for access UEs. However, there are several aspects need to be considered when introducing off-raster SSB into IAB.

· Aspect 1: PRACH during initial access from child nodes

When an IAB node is sending both sync raster SSB and off-raster SSB, its potential child UE (C-UE) or potential child IAB node (C-MT) will only receive sync raster SSB and configure PRACH resources accordingly during initial access without the knowledge of off-raster SSB. In this case, PRACH resources may need to be configured to avoid off-raster SSB locations. Still, PRACH resources can be configured regardless of off-raster SSB locations but this will have high PRACH collision probability, as the IAB node is transmitting off-raster SSB at this location and will dis-regard the PRACH. 

· Aspect 2: Grant-free UL transmission/SR/PRACH after initial access

To avoid those possible UL transmission from a child node after initial access, the off-raster SSB slots can be configured as DL slots at the child node. 

· Aspect 3: Possible PDSCH transmission around off raster SSBs

When an IAB node transmits off-raster SSB, since the rate-matching pattern is either cell level (defined in ServingCellConfigCommon) or BWP level (defined in PDSCH-Config), the rate-matching pattern at off-raster frequency has been defined. Without the knowledge of off-raster SSB location, legacy UEs cannot use the available resources in off-raster frequency for possible PDSCH receiving without proper rate-matching pattern. Hence, off-raster frequency may need to be avoided to scheduling PDSCH for legacy UEs. For Rel-16 UEs, new signalling may be defined to inform the off-raster SSB locations. 

Proposal 1: Further investigate off-raster SSB’s possible impact to Rel-15 UEs and corresponding solutions. 

3   Timing and Synchronization

RAN1#93-RAN1#94 has defined the following cases for timing and synchronization in IAB. 

· Case 1: DL transmission timing alignment across IAB nodes and donor nodes

· 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 

RAN1#94bis has further made the following agreements. 
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization

· Case #7 to be supported if and only if compatible with release 15 UEs
· Further check w.r.t. compatibility

· Support of case #6 is FFS
· No other cases are supported
In current Release 15 specifications, TA is defined as 
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  in TS38.211 [2] and shown in Figure 3-1. The value of 
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 can be indicated from the base station to the UE using two MAC commands [3]: 

· TA command in MAC RAR during initial access; 

· TA command in MAC CE in connected node when TA adjustment is needed.  
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Figure 3-1: Uplink-downlink Timing Relation (Figure 4.3.1-1 in [1])
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Figure 3-2: DL TX and UL RX not aligned example for Case #1 and Case #7
For Case#1 and Case#7 in IAB, if DL TX and UL RX are not well aligned at an IAB node, for example, there is a [image: image6.png]


 time misalignment as shown in Figure 3-2, the TA value at its child nodes should be
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where [image: image9.png]Traan = Nraa-Tc



. The uplink-downlink timing relation with DL TX and UL RX misalignment becomes Figure 3-3. 
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Figure 3-3: Uplink-downlink Timing Relation with DLTX/UL RX misalignment
With the adjusted UL timing, the timing advance value no longer represents the propagation delay, as a result, an IAB child node cannot configure its DL transmission timing according to
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. Additional information needs to be provided to IAB child nodes regarding the adjusted UL timing. 
Two solutions can be considered to indicate the miss-aligned DL TX and UL RX timing. 

·   Solution 1: Indicate [image: image13.png]


 for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate [image: image15.png]


 for child IAB nodes with new signalling. 

·   Solution 2:  Indicate [image: image17.png]Nrs— Nran



 for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate [image: image19.png]


 for child IAB nodes with new signalling.   

In Solution 1, [image: image21.png]


 values are indicated to child IAB nodes and child UEs respectively, the same way in current NR Rel-15 TA command of MAC RAR and MAC CE as if there is no DL TX timing and UL RX timing misalignment at an IAB node. New signalling needs to be added to indicate [image: image23.png]


 to a child IAB node. With Solution 1, access UL RX timing will be aligned with DL TX timing in an IAB node; while child IAB UL RX timing will be aligned to the adjusted UL Rx timing. Since Case #7 requires access UL RX timing and child IAB UL RX timing alignment, Solution 1 only works for Case #1 and does not work for Case #7. We show the results of Solution 1 for Case #1 in Figure 3-4. Note that Solution 1 does not have impact for Rel-15 UEs. The summary of Solution 1 is listed as below. 

· Additional signalling is needed for child IAB nodes;

· Different UL RX timing for access UEs and child IAB nodes; 

· No impact on Rel-15 UEs. 
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Figure 3-4: Case #1 with Solution 1 for DL TX and UL RX misalignment
In Solution 2, [image: image26.png]Nrs— Nran



 values are indicated to child IAB nodes and child UEs respectively, with current NR Rel-15 TA command of MAC RAR and MAC CE. Note that since [image: image28.png]Nrs— Nran



 values can be negative (i.e., when propagation delay in parent BH link is longer than propagation delay in the child BH link), Rel-15 TA command of MAC RAR can be extended to signal negative TA value. Additional signalling is transmitted to indicate [image: image30.png]Nrana



 to a child IAB node. Accordingly, a child IAB node can find out its [image: image32.png]


 to properly set its own DL TX timing in order to be aligned with its parent DL TX timing. With Solution 2, all UL Rx timing (including access UL RX timing and all child IAB UL RX timing) will be aligned to the adjusted UL Rx timing. But all UL RX timing will not be aligned with DL TX timing in an IAB node. For Case #7, this UL RX timing is further aligned to parent DL RX timing. We show the results of Solution 2 for Case #1 and Case #7 in Figure 3-5. Since Solution 2 will introduce negative TA to child UEs, it will have specification impact for Rel-15 UEs. The summary for Solution 2 is listed as below. 

· Additional signalling is needed for child IAB nodes;

· Same UL RX timing for access UEs and child IAB nodes

· Specification impact for Rel-15 UEs due to possible negative [image: image33.png]Nrs— Nran



 values.  
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Figure 3-5: Case #1 and Case #7 with Solution 2 for DL TX and UL RX misalignment
To avoid negative TA, we can adjust UL TX timing in a child node one symbol ahead to compensate the calculated negative TA, which makes the RX timing at an IAB node symbol-level aligned instead of slot-level aligned. Let  [image: image35.png]


 be the additional UL TX timing adjustment/protection and [image: image36.png]


, which can be an integer multiple of the symbol duration. The uplink-downlink timing relation is updated in Figure 3-6. The values of [image: image38.png]Nra— Nrapn +



 (non-negative guaranteed) are indicated to child IAB nodes and child UEs respectively, with current NR Rel-15 TA command of MAC RAR and MAC CE. Drawbacks of such symbol-level alignment scheme are 1) higher overhead (longer GP need to be introduced at the DL/UL switch) and 2) complicates measurement and interference management due to slot misalignment.  
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Figure 3-6: Uplink-downlink Timing Relation with DLTX/UL RX misalignment

and additional UL TX timing adjustment
Comparing the solutions, it can be observed that both solutions need additional indication to child IAB nodes on the adjusted UL timing. Solution 1 does not have impact to access UEs but will lead to different UL Rx timing between access UEs and child MTs, which may impose complexity in BS implementation or impose constraints on scheduling UL transmission between access UEs and child MTs. Solution 2 could have impact to access UEs due to negative TA or higher overhead and impacts on measurement and interference management. 
Observation 1: Supporting misaligned DL TX timing and UL RX timing could either complicates DU UL Rx implementation, or impose constraints on scheduling UL transmission between access UEs and child MTs, or affect access UEs, or cause higher overhead and impact measurement and interference management. It is not clear whether the gains of SDM between parent backhaul and child links in a same baseband could justify the cost.  

Proposal 2: Further study the need of supporting SDM between parent and child links in a same baseband. 

4   Resource allocation
RAN1#94bis has the following agreements for resource allocation in IAB. 
· From an MT point-of-view, the following time-domain resources can be indicated for the parent link 
· Downlink time resource 
· uplink time resource 

· flexible time resource 

          as in release 15. 
· From a DU point-of-view, the child link has the following types of time resources 

· Downlink time resource 

· uplink time resource 

· flexible time resource 

· not available time resources (not to be used for communication on the DU child links)

          Exact configuration for DU is FFS. 

·  For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft  

· Hard: The corresponding time resource is always available for the DU child link  

· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node
We illustrate an example of the IAB CU/DU split architecture and signalling in Figure 4-1, where we mark MT and DU in parent IAB node as P-MT/P-DU; MT and DU in child IAB node as C-MT/C-DU; child UE as C-UE. 
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Figure 4-1: IAB CU/DU split architecture and signaling example

From MT/UE point of view, semi-static and dynamic indication of D/U/F time-domain resource allocation is supported in Rel-15 design. For semi-static indication, RRC signalling tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated. For dynamic indication, RRC signalling tdd-UL-DL-ConfigurationDedicated and DCI format 2_0 can be used. Taking the example in Figure 4-1, 
· The D/U/F time resource indication to MT will be used for parent BH link;
· The D/U/F time resource indication to C-MT will be used for child BH link;
· The D/U/F time resource indication to C-UE will be used for child AC link. 

Indication to an IAB node regarding not available resources for its child link
From the DU of an IAB node point-of-view, the additional defined not available (NA) type of time resource for its child links may be present with different scenarios:

·   Scenario 1: Due to half-duplex constraint, adjacent hops need to be adjusted so that an IAB node will not transmit and receive at the same time;

For Scenario 1, since an IAB node already has the knowledge of its parent BH link and access links D/U/F configurations, the resources that is not available to use due to conflict with parent BH link will be automatically known by the IAB node.  

·   Scenario 2: Allocate orthogonal resources to IAB nodes for interference management. 

For Scenario 2, the NA resource for the child links can be indicated from the CU. New F1-AP signalling may need to be defined for this purpose.     

Indication to an IAB node regarding soft resources for its child link
For the additional defined hard/soft (H/S) flavor of the DU child links, the “soft” flavor time resource is originally assigned to the parent BH link of an IAB node according to semi-static configuration or dynamic resource allocation. It may be released from parent BH usage temporally and become available at the DU of the IAB node. The DU of the IAB node can further decide to use the soft time resource for its child BH or child AC links as dynamic resource configuration. 

As the availability of soft resource for DU child links depends on its parent node dynamically, the parent node can explicitly and/or implicitly notify the IAB node about it. 
· Scheme 1: Implicitly notification from the parent node based on Rel-15 scheduling mechanism
The parent node does not directly/clearly indicate the availability of soft resource. Through Rel-15 scheduling mechanism, the MT of the IAB node can monitor PDCCH of parent BH link transmission. If there exists not scheduled parent BH link resource, the IAB node considers those resource as soft resource for its child links. 

· Scheme 2: Explicitly notification from the parent node with new signalling (L1 signalling or MAC CE)

The parent node applies additional signalling (from P-DU to MT of the IAB node) to clearly indicate the soft resource related information. Those information may include the availability/location of soft time resource and/or information about how to use (for example, child downlink or child uplink) those soft time resource for the IAB’s child links for coordination purpose. 

Mapping of DU’s time resources to C-MT/C-UE’s time resources
· Solution 1: DU’s NA/S resources can only map to C-MT/C-UE’s flexible (F) resources  

In this solution, C-MT/C-UE’s D/U resources are always considered as hard resources at the C-MT/C-UE and are always available for child DL/UL transmission. A DU’s NA/S resources will not overwrite C-MT/C-UE’s D/U resources, and can only overwrite C-MT/C-UE’s flexible (F) resources. 
Usage of the flexible resources can be indicated by DL scheduling and dynamic SFI. To prevent C-MT/C-UE using the not available resource for grant-less UL transmission, periodic SR or PRACH, we can use dynamic SFI to set NA resources as downlink or flexible so that possible child uplink transmission can be avoided.  To prevent C-MT/C-UE receive CSI-RS, we can use dynamic SFI to set NA resource as uplink or flexible. 
The illustration of RA-Solution 1 is shown in Figure 4-2. 
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Figure 4-2: IAB Time-domain RA-Solution 1 Illustration

Note that there is a potential scenario where C-MT or C-UE is scheduled with PUSCH transmission but the resource is then configured as NA. As there is K2 time delay (as shown in Figure 4-3) between UL grant and the actual PUSCH transmission, it is possible that the PUSCH transmission occasion falls into the configured not available resource. To prevent this situation, the time between not available configuration and NA resource become effective should be longer than maximum K2 value.   
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Figure 4-3: K2 Timing

·  Solution 2: DU’s NA/S resources can map to any of the C-MT/C-UE’s D/U/F resources  

In this solution, C-MT/C-UE’s semi-static allocated D/U resources cannot be always considered as hard resources, and some D/U resources may be not available to use. The DU’s NA/S resources can map to any of the C-MT/C-UE’s D/U/F resources. However, a C-MT/C-UE’s DL/UL link directions indicated by semi-static DL-UL assignment cannot be over-written by the DU, e.g., using dynamic SFI or DCI triggered data transmission, etc. Hence, when DU’s NA/S resources are mapped to a C-MT or C-UE’s D/U resources, the C-MT or C-UE need to be informed which resources are NA and S. To this end, new RRC signalling need to be defined. The new RRC signalling is not supported by Rel-15 UEs. Therefore Solution 2 will have backward compatible issue and should not be supported. 
Proposal 3: New F1AP signalling from CU to DU in IAB node is needed to indicate not available time resources. 

Proposal 4: On mapping between IAB DU’s time resource and C-MT/C-UE’s time resource, support the solution that maps DU’s NA/S resources only to C-MT/C-UE’s flexible (F) resources.   

5   PRACH for Access and Backhaul Links

RAN1#94bis has made the following agreements for random access in IAB.  

· For IAB node random access support
· Longer RACH periodicity

· Additional preamble formats allowing for longer RTT

· Details left for WI phase

· Based on Rel-15 PRACH configurations, NR allows network to configure offset(s) for PRACH occasions for MT IAB node(s), to TDM backhaul RACH resources across adjacent hops. The detailed granularity of the offset (e.g., radio frame, subframe, slot, etc.) is left for WI phase
An IAB node or IAB donor can have both child IAB nodes and child UEs attached to it. The random access from child IAB nodes and from child UEs based on contention-based Rel-15 PRACH configuration may cause collision to each other, especially for the case of child IAB nodes and child UEs sharing the same SSB from the IAB node, which is supported as Solution 1-A for inter-IAB node and donor detection.  

Hence, it is desirable to configure orthogonal PRACH resources for child IAB nodes and UEs, so that the collision between backhaul and access links in contention-based random access can be reduced. An IAB node or IAB donor can configure its access UEs to use existing (primary) PRACH resource in NR Rel-15 and its child IAB nodes to use secondary PRACH resource. To indicate the secondary PRACH configuration, the following approaches can be considered:  

·   For PCell, the secondary PRACH configuration can be contained in an extended RMSI (SIB1);

·   For other serving cell, the secondary PRACH configuration can be contained in the corresponding dedicated RRC signalling. 

Proposal 5: Enable two PRACH configurations for child UEs and child IAB nodes respectively to reduce collision in contention-based random access.  

6   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 6-1. 

·    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 6-1: 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 6-2, 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 [4]-[6].  
Proposal 6: Consider link adaptation based on measurement that emulates the upcoming interference level for NR IAB CLI management. 
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Figure 6-2: Proposed DL/UL-RS transmission for CLI mitigation

7   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.  
7.1   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 7: PUCCH based BRF can be supported for backhaul links in NR IAB.

7.2   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 8: 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
7.3   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 9: 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. 

8   Conclusion

In this contribution, we discussed RAN1 related issues in IAB networks. It is summarized by the following observations and proposals. 
Observation 1: Supporting misaligned DL TX timing and UL RX timing could either complicates DU UL Rx implementation, or impose constraints on scheduling UL transmission between access UEs and child MTs, or affect access UEs, or cause higher overhead and impact measurement and interference management. It is not clear whether the gains of SDM between parent backhaul and child links in a same baseband could justify the cost.  

Proposal 1: Further investigate off-raster SSB’s possible impact to Rel-15 UEs and corresponding solutions. 

Proposal 2: Further study the need of supporting SDM between parent and child links in a same baseband. 

Proposal 3: New F1AP signalling from CU to DU in IAB node is needed to indicate not available time resources. 

Proposal 4: On mapping between IAB DU’s time resource and C-MT/C-UE’s time resource, support the solution that maps DU’s NA/S resources only to C-MT/C-UE’s flexible (F) resources.   

Proposal 5: Enable two PRACH configurations for child UEs and child IAB nodes respectively to reduce collision in contention-based random access.  

Proposal 6: Consider link adaptation based on measurement that emulates the upcoming interference level for NR IAB CLI management. 
Proposal 7: PUCCH based BRF can be supported for backhaul links in NR IAB.
  Proposal 8: 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 9: 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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