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Introduction
NR-IAB (Integrated Access and Backhaul) targets to support the NR access link as the backhaul link for other NR node.   In RAN1#92bis, the physical layer aspects for IAB were discussed with the following agreements, 
Agreements:
· The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.

Agreements:
· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.
· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 
· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 
· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 
· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.
· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.
Agreements:
· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 
· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. 
Agreements:
· Measurements on multiple backhaul links for link management and route selection should be studied. 
· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.
· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 
· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.
· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.
· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.
· Interference measurement and management solutions should be studied. 
· 1024QAM for the backhaul link should be studied.
· FFS: whether solutions should be specified as part of an IAB WI or other NR WI 

In this contribution, we discuss the NR physical layer design aspect in support of NR-IAB.  
Physical Layer Design for NR-IAB
The requirements and aspects in the IAB study in [1] are as follows, 
· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 
· Multi-hop and redundant connectivity
· End-to-end route selection and optimization
· Support of backhaul links with high spectral efficiency
· Support of legacy NR UEs

The IAB system is designed based on the NR air interface for the backhaul link as shown in Figure 1.  The integrated access backhaul system dynamically allocates the NR radio resources for both the UE access and the backhaul link of another gNB. We could see from Figure 1that the Donor gNB provide both UE access and backhaul access to the IAB node, which is another gNB with wireless backhaul link from the Donor gNB.   The IAB node is considered as a special UE to the Donor gNB with NG backhaul protocol running on top of the Uu access link.  Other UEs would share the same radio resources with the IAB node for the wireless network access to the Donor gNB.   The IAB node is a gNB, which also provides the wireless network services to its own UEs.   
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[bookmark: _Ref513631093]Figure 1: IAB architecture with NR air interface as the backhaul access link

NR Physical Links for IAB
The system design for integrated access and backhaul feature is to fully utilize the NR physical layer design as the wireless physical link for the backhaul access of the IAB node.  The NR physical layer would provide the data transportation of backhaul access, similar to that provided by fiber optic or Gigabit Ethernet.   For the operation of a gNB, the backhaul access needs to be provisioned, configured, and tested before the power-on operation at the air interface.    It is agreed in RAN1#92bis that an IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.  Since any admission of UE’s network access at the gNB requires the confirmation of backhaul resource allocation, the initial access procedure for the backhaul access of an IAB-node needs to be provisioned, configured, and tested before the air interface starts providing service to its UE for the network access.  If the backhaul resource of an IAB node could be guaranteed, the IAB-node has to buffer all UL data arrival.  This will not only increase the latency of end-to-end data transmission but also potential data dropping at the IAB-node when the UL data arrival rate is over than the buffer size.  Thus, the measurement for IAB-node discovery and initial access procedure should be provisioned, configured, and tested before the operation of an IAB node.

Proposal 1:  The measurement for IAB-node discovery and initial access procedure should be provisioned, configured, and tested before the operation of an IAB node.

If the IAB-node is configured with the same cell ID as that of the Donor gNB, the IAB-node and the Donor gNB need tight coordination in scheduling and transmission similar to beam management coordination among distributed TRPs.   In the mean time, the wireless link between the IAB-node and the Donor gNB would be running F1 interface for the CU-DU link and not the NG interface of the backhaul link if the IAB-node and the Donor gNB share the same cell ID.  The advantage of the IAB-node and the Donor gNB sharing the same cell ID is for UE to perform implicitly combining of signals transmitting from both nodes.  However, the IAB-node would not be able to transmit to its serving UEs during the time of receiving the backhaul link from the Donor gNB if the backhaul antenna and Uu antenna are not isolated to minimize the self interference.  The IAB-node and the Donor gNB could not transmit the same data in the same time for UE to perform coherent/non-coherent combining of data.   The current IAB architecture supports the several alternatives, which only the cell ID of the IAB-node is different to that of the gNB.   Thus, the IAB study should confine to the case that the IAB-node and the Donor gNB have different cell ID.  

Proposal 2:  The IAB study should confine to the case that the IAB-node and the Donor gNB have different cell IDs.  
For inband operation of backhaul link and IAB Uu access link, the transmission side lobe would cause the self interference when one link is in transmission and the other link is in reception.   To avoid self interference for inband operation, the antenna of Uu link and the antenna of the backhaul link need to be separated and isolated to contain the interference generated by side lobe.  If there is no antenna isolation, the transmission and reception of backhaul link and Uu link needs to be coordinated in time to minimize the self interference cause d by the side lobe.
Proposal 3:  For inband backhaul access, the solution of handling self interference caused by transmission side lobe between backhaul link and access link should be studied.   
   
[bookmark: _GoBack]Node Synchronization
For the integrated access and backhaul systems, the node synchronization is to synchronization between the Donor gNB and the IAB-node with the condition of each node operates independently.  The node synchronization is to align the reference radio frame boundary and SFN counter between the master node of the Donor gNB and the slave node of the IAB-node as shown in Figure 2.   The node synchronization for the IAB system would have benefit of interference alignment between the Donor gNB and the IAB-node when they have overlapped coverage area.  For node synchronization in the IAB system, the IAB-node would perform network access as an UE and synchronize with the Donor gNB as shown in Figure 2. The IAB-node would synchronize with the Donor gNB based on the DL RX timing reference acquired and tracked via available DL signals (SSBs).  The UL TX timing of the backhaul link form the IAB-node would be similar to those UEs network access to the Donor gNB based on the received timing advance (TA) command in order to align the all UL received signals at the Donor gNB as in Figure 2. 


[bookmark: _Ref513673647]Figure 2: Tx/Rx timing of IAB-node backhaul link and Uu link

In RAN1#92bis, node synchronization were discussed with the following agreements, 
· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 
· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. 

The over-the-air synchronization (OTA) techniques for node synchronization have been discussed in UMTS Rel-99 and in LTE Rel-12/14.  The OTA synchronization is to have a slave node synchronized with the master node.  For IAB system, the IAB-node plays the role as an UE to synchronize with the Donor gNB.  The node synchronization accuracy in the IAB system depends on the quality of backhaul link and the frequency stability of local oscillator at both the Donor gNB and the IAB-node.  The interference and noise of the backhaul link would incur the synchronization error.  The drifting of the local oscillators at the Donor gNB and the IAB-node would double the synchronization error when the IAB-node would use the DL signals from the Donor gNB as the reference time.   The synchronization error would propagate when the network access timing at the IAB-node is derived from the backhaul timing, which is synchronized with the Donor gNB.  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. 

Proposal 4: 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. 


Conclusion
In this contribution, we provide some analysis on the system design aspect in support IAB in NR with the following proposals:
· Proposal 1:  The measurement for IAB-node discovery and initial access procedure should be provisioned, configured, and tested before the operation of an IAB node.
· Proposal 2:  The IAB study should refine to the case that the IAB-node and the Donor gNB have different cell IDs.  
· Proposal 3:  For inband backhaul access, the solution of handling self interference caused by transmission side lobe between backhaul link and access link should be studied.   
· Proposal 4: 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. 
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