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Introduction
In RAN1 #93 meeting, the following agreements for backhaul link enhancement were achieved [1]: 

Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS
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Agreements:
· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 
· The following solutions can be further considered:
· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions
Agreement: Study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.
 
Agreements:
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
· 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. 
· The following aspects should be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signalling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB nodes
· Exchange of topology related information (e.g. hop order) impacting RAN1 study
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination
In this contribution, we discuss the following aspects for IAB system, such as synchronization resource multiplexing among multi-hop IAB nodes, resource allocation between backhaul link and access link. 
Discussion
SSB resource coordination of multi-hop IAB nodes
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 1. 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.


[bookmark: _Ref513449422]Figure 1 Illustration of SSB resource multiplexing of different hop levels
Generally, there are two kinds of SSB resource coordination in IAB system: semi-static and dynamic. 
· Semi-static SSB resource coordination: 
In this case, the SSB resource of each hop level is pre-configured or configured by network. This configuration is pre-stored or broadcasted to each IAB node. For an IAB node A, firstly, it will detect whether there is other SSB transmitted from another IAB node B. If yes, it can derive the hop level of the IAB node B based on the resource of the detected SSB. Then it can access to the IAB node B and transmit SSB using the SSB resource of the next hop level based on the SSB resource configuration. If no, IAB node A will transmit SSB assuming it is the first hop IAB node and using corresponding SSB resource.
· Dynamic SSB resource coordination:
For IAB node A, it firstly detect whether there is SSB transmitted from another IAB node B. If yes, it can access to the IAB node B. Then IAB node B will allocate SSB resource for IAB node A, which is different with the resource which is used by itself. IAB node A will send SSB on the allocated SSB resource to assist other IAB node or UE to access. Furthermore, IAB node B can transmit the SSB resource information of its parent IAB nodes to IAB node A to assist its SSB resource allocation to its child IAB node, such as to alleviate half-duplex effect between different hop levels. If no, it can select SSB resource based on pre-configuration or network configuration or randomly and transmit SSB accordingly. 
Proposal 1: Both semi-static and dynamic SSB resource coordination among IAB nodes can be supported. 
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/access link can be set ‘reserved’ and used by access/backhaul link. Generally, there are two resource multiplexing levels between access link and backhaul link, which is shown in Figure 2.


[bookmark: _Ref513449735]Figure 2 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 2: Both slot level and symbol level resource multiplexing between access link and backhaul link can be supported in IAB.
For slot level resource multiplexing between backhaul and access link, one slot is totally used by either backhaul or access link. Existing slot format indicating method and slot format table of NR can be reused in IAB system to indicate the slot format of each slot [2].
For symbol level resource multiplexing between backhaul and access link, only part of the symbols of a slot is used by either backhaul or access link. In this case, how to indicate the slot format needs to be studied. For example, in Figure 2 (b), some symbols in the middle of a slot is used by backhaul link. The starting and ending symbols of the slot can be seen as reserved for backhaul link. Existing slot format table does not support this kind of slot format. While reusing existing slot format table in IAB system can minimize specification effort. Then how to indicate slot format of IAB system using existing slot format table needs further study.
Proposal 3: Reusing existing slot format table in IAB should be supported. How to indicate slot format of IAB system using existing slot format table needs FFS.
Conclusions
In this contribution, the 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: Both semi-static and dynamic SSB resource coordination among IAB nodes can be supported. 
Proposal 2: Both slot level and symbol level resource multiplexing between access link and backhaul link can be supported in IAB.
Proposal 3: Reusing existing slot format table in IAB should be supported. How to indicate slot format of IAB system using existing slot format table needs FFS.
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