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Introduction
In RAN1 meeting #94b [1], the following agreements have been achieved:
Agreements:
· For IAB node random access support
· Longer RACH periodicity
· Additional preamble formats allowing for longer RTT
· Details left for WI phase

Agreements:
· 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

In RAN1#94 meeting [2], the following were agreed:
Agreements:
· 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
Agreements:
· 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 behavior.
· E.g., if the parent IAB node’s backhaul link fails (RLF or BF) 
· Note: this study is intended to focus on RAN1 aspecs only (any higher layers aspects are to be handled by other WGs)

In RAN1#94 meeting [2], the following were agreed:
Agreements:
· 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
Agreements:
· For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements. Further consider the following aspects:
· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 

In this contribution we considered several aspects in IAB. The related observations including backhaul RACH and failure of IAB node were discussed.
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Consideration on Enhancement to Random Access for IAB
In integrated access and backhaul systems, IAB node and UE could perform random access at the same RACH occasion (RO) to IAB-donor node (e.g., gNB). In IAB systems, RACH needs to be designed for both of UE in access link and IAB node in backhaul link. Usually, the distance from UE to IAB-donor is smaller than the distance from IAB-node to IAB-donor, which could lead to different RACH requirement to UE and IAB-node. According to NR configuration, if UE and IAB-node select the same IAB-donor SSB, UE and IAB-node could send preamble in the same RACH occasion. After sending Msg1, UE and IAB-node monitor the RAR (e.g., PDCCH, PDSCH) for RAR receiving.
One possibility could be to use two RAR transmission – one RAR could be transmitted with high power while another RAR could be transmitted with low power. In addition, one RAR could be IAB node-specific RAR while another RAR could be UE-specific RAR. Furthermore, one RAR could be backhaul link-specific RAR while another RAR could be access link-specific RAR.
Another possibility could be to use RA-RNTI as a function of node type or node ID. In NR, if two UEs send preambles at the same RACH occasion, gNB will send the same RAR for the two UEs, with CRC scrambled with RA-RNTI, which is a function of the symbol index, slot index, subframe index and carrier index. However, in IAB systems, when one UE and one IAB node send the preamble at the same RACH occasion, the distance between IAB node and IAB donor could be larger than the distance between UE and gNB. The pathloss and/or channel fading of IAB node could be much larger than the pathloss and/or channel fading of UE. IAB donor could send the same RAR/PDCCH to UE and IAB node. However, due to the distance difference, the transmitting power of RAR could be high enough to meet the RAR reception requirement for IAB node. Hence, the transmitting power of RAR to UE could be much larger than that in NR system, and could cause potential interference to other UEs in same or different cells. For the FDMed PDSCH and RAR for UE, RAR could have much larger power than PDSCH, which could increase the power consumption and complexity for IAB donor and cause undesirable interference.
Proposal 1: RA-RNTI as a function of node type or node ID can be considered for enhancement to RACH. 

Considerations for Timing Alignment
SSB can be used to obtain timing advance or timing alignment (TA) for IAB node in IAB systems. IAB node could report TA back to parent IAB node. In addition, IAB node could transmit preamble to parent node and parent node could estimate TA based on the preamble. The timing of IAB2 in Figure 1 is given in the Figure 2. IAB2 could be linked to IAB1. The timing could be given by the left-side subfigure. IAB2 could be linked to IAB. The timing could be given by the right-side subfigure. IAB2 could be linked to IAB1 at the beginning but could fail at later time. IAB2 could begin to perform initial access to link to IAB0. During IAB2 transferring link from IAB1 to IAB0, network may need to consider whether and how to adjust the timing of transmitting and receiving. For example, if IAB 2 is out of sync, the UE could continue connecting to IAB2 or could perform handover. UE could continue connecting to IAB2. The resource allocation may need to be performed. Timing synchronization may need to be maintained. Handover could also need to be performed. UE could maintain the candidate parent nodes. UE could also switch parent node.
IAB node could report TA back to parent IAB node. In addition, IAB node could transmit preamble to parent node and parent node could estimate TA based on the preamble. The parent IAB node could compare the TA derived from SSB and reported by child IAB node and the TA obtained from preamble. If they are the same, TA is confirmed. If they are different, the TA obtained from preamble could override the TA derived from SSB and reported by child IAB node. Even the channel between IAB2 and IAB1 could fail, the timing for IAB2 sending data to UE may not change if IAB2 is not out of sync and known to IAB2. After receiving the SSB and PBCH from new candidate, e.g., IAB0, IAB2 could know the received time of DL signal/channel transmitted from IAB0 to IAB2. According to the received time of SSB transmitted from IAB0 to IAB2 and the transmission time for IAB2 sending DL signal/channel to UE, the time difference between them is the delay from IAB2 to new candidate parent node IAB0. IAB2 could report the TA derived above to new IAB node. Hence, there is no need to perform RACH to obtain TA between IAB2 and IAB0. However, IAB2 could transmit preamble to new IAB node (e.g., IAB0). IAB0 could estimate the TA based on the received preamble. 
 


[bookmark: _Ref521960432][bookmark: _Toc521996731]Figure 1 Failure of IAB node




[bookmark: _Ref521960445][bookmark: _Toc521996732]Figure 2 IAB synchronization

Proposal 2: SSB can be used to obtain timing advance or timing alignment for IAB node in IAB systems. 

Consideration on Optimization of RACH Resource Utilization
IAB system supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities and/or formats compared to access RACH resources. Under current PRACH design framework, after initial access the mechanisms may be needed that IAB nodes and access UE of its mother node could be configured or could identify TDMed PRACH occasions. New RACH formats and/or configurations that are specific for IAB system may be needed. In integrated access and backhaul systems, dynamic TDMed RACH occasion for parent IAB node and child node could be used. 
In IAB system, due to the half-duplex constraint, IAB node cannot simultaneously transmit and receive the data or signal. A mechanism is needed to handle collision of RACH occasions for UEs and IAB nodes when they have the same PRACH configurations or different PRACH configurations but with overlapped RACH occasions (ROs).
Dynamic RACH multiplexing and RO collision handling for access UEs in IAB system could be used. IAB node could receive PRACH configuration from its parent IAB node. UEs that are served by IAB node could receive PRACH configuration from IAB node. The child IAB node could receive PRACH configuration from the IAB node. In PRACH configuration, the ROs configured for IAB node for sending preamble to its parent IAB node could overlap with ROs configured to receive preambles for its child UEs and child IAB nodes. IAB node could intend to send preamble. If IAB node does not intend to transmit a preamble, then an indication could be sent to its UEs and child IAB nodes to indicate that all ROs are not used and they are all valid ROs. UE could monitor the indication for unused ROs. UE could receive the indication and decide that all ROs are valid. UE could transmit the preamble using any ROs in PRACH configuration. If IAB node intends to transmit a preamble, then an indication could be sent to its UEs and child IAB nodes to indicate which RO or which set of ROs are used. UE could monitor the indication for used RO. UE could receive the indication and decide which RO is used thus is invalid and which RO is not used and thus is valid. Valid RO could be used for access UEs to transmit preamble. UE could transmit preamble using the valid ROs that are determined.
Proposal 3: RACH resource optimization should be considered for IAB systems. 

Consideration on Beam Failure Recovery
Beam failure recovery and/or radio link recovery for a UE could be caused or triggered by beam failure or radio link failure (RLF) of its parent IAB node. Consider the scenario as shown in Figure 3, IAB-node 3 is a parent node of UE1. When IAB-node 3 has beam failure or radio link failure, its child UE say UE1 could also result in beam failure or radio link failure and may need to perform beam failure recovery or radio link failure recovery. 
Considering that DL transmission, IAB node 2 access link is synchronized with the DL transmission of IAB node access link. By comparing the receive timing of SSB of IAB node 1 and the receive timing of SSB of IAB node 3, UE1 could obtain the timing difference of channel time delay, , between the channel IAB node 1 to UE1 and the channel IAB node 3 to UE1 This is shown in Figure 4. As UE1 could know the timing advance value for IAB node 3, it could also know the timing advance value for IAB node 1 by . The desired UE (say UE1) could know the timing advance value for IAB node 1.



[bookmark: _Ref524991564][bookmark: _Toc525506433]Figure 3 UE beam failure recovery or radio link recovery due to radio link failure of parent IAB node

The UE (say UE 1) could use the obtained timing information described previously to send UL signal such as PRACH preamble or UL control signal or channel to IAB node for requesting beam failure recovery. For example, UE could send a request to another IAB node to request beam failure recovery and switch its beam to another beam associated with another IAB node. In addition, the UE could also use the obtained timing information to receive the downlink transmission such as DL data or control signal or channel.




[bookmark: _Ref524991635][bookmark: _Toc525506434]Figure 4 Timing alignment and timing advance obtained for desired UE for beam recovery


Proposal 4: Optimization for beam failure recovery should be considered for IAB systems. 

Conclusions
In this contribution we considered initial access and mobility in IAB system. The related observations for initial access including RACH and mobility in IAB were discussed. We have the following proposals:
Proposal 1: RA-RNTI as a function of node type or node ID can be considered for enhancement to RACH. 
Proposal 2: SSB can be used to obtain timing advance or timing alignment for IAB node in IAB systems. 
Proposal 3: RACH resource optimization should be considered for IAB systems. 
Proposal 4: Optimization for beam failure recovery should be considered for IAB systems. 
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