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Introduction
In RAN1 #92bis meeting, the following agreements for backhaul link enhancement were achieved [1]: 
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 following aspects for IAB system, such as timing alignment and synchronization resource multiplexing among multi-hop IAB nodes, resource allocation between backhaul link and access link. 
Discussion
Timing alignment among multi-hop IAB nodes
It was agreed that the timing alignment among multi-hop NR-IAB networks should be studied. We think that the timing alignment for NR-IAB should be separately considered for TDD and FDD system. For TDD system, the slot boundary of multi-hop IAB nodes should be time aligned to avoid cross link interference among IAB nodes. While for FDD system, DL transmission and UL reception are in different carriers, the slot boundary for different IAB nodes could be different. The transmission timing of IAB nodes for TDD and FDD system is shown in Figure 1.


(a) TDD


(b) FDD
[bookmark: _Ref513447614]Figure 1 Timing alignment of multi-hop IAB nodes for TDD and FDD system
· For TDD system, the DL transmission timing of all IAB nodes (including IAB donor and IAB nodes) should be time aligned, such as based on GNSS, and the reception of UL transmission is time aligned to DL transmission timing. If not, that will cause potential interference. For example, if DL transmission timing of RN1 is aligned to the DL reception from donor, UE1’s UL transmission may cause interference to UE2’s/RN2’s reception from RN1. 
· For FDD system, the DL transmission timing to son node is time aligned to the DL reception timing from father node, the UL reception timing from son node is time aligned to the UL transmission timing to father node. The DL transmission and UL transmission are in separate band, then there is no cross link interference. The timing of DL transmission to son IAB nodes is time aligned to the DL reception from father IAB node to minimize the GP. In this case, only tx/rx switching time needs to be considered in GP, while not for propagation delay.
Proposal 1: 
· TDD: The DL transmission timing of all IAB nodes should be time aligned to the donor node. The reception of UL transmission is time aligned to DL transmission timing per IAB node. 
· FDD: The DL transmission timing to son IAB node is time aligned to the DL reception timing from father IAB node. The UL reception timing from son IAB node is time aligned to the UL transmission timing to father IAB node.
Synchronization signal of multi-hop IAB nodes
For the initial access, there is the following agreement: 
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.
In NR system, SSB including both synchronization signal and PBCH is used for cell search and SI acquisition. For an IAB node, it needs not only to detect the SSB from other IAB nodes for initial access, but also to transmit SSB for other IAB nodes to access. Because of half-duplex limitation, IAB node cannot transmit and receive SSB at the same time. The transmission and reception of SSB should be TDMed among IAB nodes. Considering multi-hop IAB nodes supported in NR-IAB system, the SSB resource should be coordinated among different hop levels. 
One illustration of SSB coordination among different hop levels is shown in Figure 2. Each IAB node can be connected to its father node. There is possible a backup link connecting to another IAB node. The SSB resource for different hop levels should be TDMed. Whether the SSB resource of the same hop level should be same or different can be further studied.
Proposal 2: The SSB resource should be coordinated among different hop levels. TDM of SSB resource for different hop levels is preferred. The SSB resource coordination of the same hop level needs FFS.


[bookmark: _Ref513449422]Figure 2 Illustration of SSB resource multiplexing of different hop levels
Resource allocation between backhaul and access link
The resource allocation between backhaul and access link considering half-duplex limitation should be studied. TDM/FDM/SDM multiplexing mechanisms can be applied. We think that TDM mechanism is more preferred. 
In NR system, the slot format is more flexible. The transmission direction, DL, UL or flexible, per symbol per slot can be explicitly configured, such as by semi-static UL/DL assignment or SFI, or implicitly configured, such as by dynamic DCI or UE-specific RRC signaling. If a symbol is configured as flexible and not overridden by other signaling, it can be seen as ‘reserved’ symbol and not used for transmission. In this way, some time resource of backhaul link can be set ‘reserved’ and used by access link. Generally, there are two resource multiplexing levels between access link and backhaul link, which is shown in Figure 3.


[bookmark: _Ref513449735]Figure 3 Resource multiplexing between access link and backhaul link
· Slot level: a specific slot is configured by father node as ‘reserved’ slot which will not be used by backhaul link. This slot can be used by access link. All of the symbols in this slot is set as flexible by both semi-static UL/DL assignment and SFI, and not overridden by other signals, such as UE-specific scheduling signaling.
· Symbol level: Some symbols of a slot can be set as ‘reserved’ by father node and not used by backhaul link. These symbols will be used by access link. 
Proposal 3: Both slot level and symbol level resource multiplexing between access link and backhaul link can be considered in IAB.
Conclusions
In this contribution, the timing alignment of IAB nodes, SSB resource multiplexing, and transmission resource multiplexing between access link and backhaul link were discussed. The following proposals summarize the discussion and our views.
Proposal 1: 
· TDD: The DL transmission timing of all IAB nodes should be time aligned to the donor node. The reception of UL transmission is time aligned to DL transmission timing per IAB node. 
· FDD: The DL transmission timing to son IAB node is time aligned to the DL reception timing from father IAB node. The UL reception timing from son IAB node is time aligned to the UL transmission timing to father IAB node.
[bookmark: _GoBack]Proposal 2: The SSB resource should be coordinated among different hop levels. TDM of SSB resource for different hop levels is preferred. The SSB resource coordination of the same hop level needs FFS.
Proposal 3: Both slot level and symbol level resource multiplexing between access link and backhaul link can be considered in IAB.
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