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Introduction
A new work item on “Integrated Access and Backhaul for NR” was approved in RAN#82 [1] and the objectives of this study item are identified as follows. 
· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.
· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
· Specification of mechanism to support the “case-1” OTA timing alignment.
During SI, the following agreement was made in RAN1#94 [2] and RAN1#95 [3] as follows.
Agreements:
· 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
Agreements:
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
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 
Agreements:
Capture the following conclusions for the IAB SI TR:
RAN1 has studied various physical layer aspects for Integrated Access and Backhaul, and from a RAN1 perspective, support for the following features and solutions has been determined to be beneficial and feasible:
· Mechanisms for discovery of IAB nodes and management of backhaul links in both SA and NSA deployments, taking into account the half-duplex constraint at an IAB node and multi-hop topologies, including:
· Solutions reusing the same set of SSBs used for access UEs and solutions which use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
For the SSB based solution, it has been agreed that two sub-solutions will be supported: 
-	Solution 1-A) Reusing the same set of SSBs used for access UEs:
-	In this case, the SSBs for inter-IAB cell search in stage 2 are 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.
-	Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs:
-	In this case, the SSBs, that may get muted, for inter-IAB cell search and measurement in stage 2 are 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.
In this contribution, we will discuss the necessary enhancements for inter IAB nodes discovery via SSBs. 
Solution 1-A
For solution 1-A, the same set of SSBs will be used for both access UEs and inter IAB node discovery. In such a case, a mechanism is needed to make sure that one IAB node can hear from other IAB node subject to half-duplex constraint. A muting pattern can be in SSB burst set level. For the SSB burst set level muting, an entire SSB burst set needs to be muted to listen to SSB from other IAB nodes and it will cause significant impact on access UEs. However, it has been agreed that the impact on Rel-15 UE should be minimized so that such muting might not be optimal for access UEs. On the contrary, within one SSB burst set the positons of SSB from multiple IAB nodes can be coordinated to enable inter node discovery subject to the half-duplex constraint. Within each SSB burst set, there are multiple positions to transmit SSBs. However, the SSB positions are only possible positions for SSB transmission, that is, it is not mandated that an SSB should be transmitted in all the possible locations. Anything from a single SSB up to maximum number of SSBs within one SSB burst set is possible depending on beam sweeping requirements. In such a case, one IAB node A can transmit on one subset of all possible positions and another IAB node B can transmit on another subset not overlapping with subset of IAB node A. In this regard, with appropriate subsets chosen mechanism, e.g., semi-persistent or dynamic ones, there could be minimal or even no impact on access UEs.
Proposal 1: For solution 1-A, SSB positions within one SSB burst set can be coordinated across multiple IAB nodes to enable inter IAB node discovery subject to half-duplex constraint.
Solution 1-B
For solution 1-B, SSBs which are orthogonal (TDM and/or FDM) with SSBs for access UEs are used for inter IAB node discovery so that there is no impact on access UE. Subject to half-duplex constraint, each IAB node might need to mute some of its own SSBs to listen to SSBs from other IAB nodes. Orthogonal resources for backhaul and access link detection and measurement can be achieved via SSB muting across IAB nodes. During those muted SSBs, IAB nodes can listen to SSBs from other IAB nodes to detect potential candidate backhaul links. However, it should be noted that such muting is only needed when the SSB transmission are aligned for those IAB nodes that require measurement of SSBs to monitor the quality of backup backhaul links between each other. In particular, IAB nodes within the same hop could align their SSB transmissions to optimize the signalling overhead. However, between different hops, other reference signals and more flexible measurement can be considered.
Observation 1: Muting is only needed when the SSB transmission are aligned for those IAB nodes that require measurement of SSBs to monitor the quality of backup backhaul links between each other.
In order to introduce muting pattern, we can consider following alternatives:
· Alt1: Muting across all IAB nodes;
· Alt2: Muting based one hop order, i.e., muting pattern within each hop.
The first solution is illustrated in the below figure (tree and muting). The muting is across all IAB nodes no matter which hop they belong to. The benefit of such configuration is that one IAB node can always measure all possible backhaul links including both primary and backup ones and it is independent of topology change. However, the scalability of such configuration might be limited since it requires higher signalling overhead scaling with total number of IAB nodes involved in inter IAB node SSB measurement. 
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Figure. 1 Muting across all IAB nodes
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Figure. 2 Muting based one hop order (2a)
The second solution is shown in Figure 2, where the muting is constrained between IAB nodes belonging to the same hop. In such a case, two sub-options can be considered: a) the SSB transmission are aligned across all IAB nodes; and b) the SSB transmission are aligned across IAB nodes belonging to the same hop only. For solution 2a, one IAB node can measure all backup backhaul links via SSBs irrelevant of hop order. Such configuration can reduce the signalling overhead since the required number of SSBs is equal to the total number of IAB nodes involved in inter IAB node SSB measurement with in each hop. Therefore, the scalability of solution 2a) is improved compared with the first solution. For solution 2b, one IAB node might not be able to measure the SSBs from other IAB nodes belonging to a different hop. However, as aforementioned, such measurement is not necessarily based on SSBs only but could potentially use other reference signals, e.g., CSI-RS/ ZP CSI-RS, since half-duplex constraint does not limit IAB nodes with hop order N and N+1. Allowing non-overlapping SSBs between different hops as shown in Figure 3 could potentially improve resource allocation flexibility and thus achieved higher resource usage efficiency. It should be noted that the configuration of SSBs depends on topology and any topology change might incur re-configuration of SSBs as discussed next.
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Figure. 3 Muting based one hop order (2b)
Proposal 2: SSB TDM pattern should depend on hop order and different TDM patterns can be configured for different hop order.
Propose 3:  The following solutions for muting of SSBs should be considered for inter IAB node discovery and measurement
· Alt1: Muting across all IAB nodes;
· Alt2: Muting based one hop order, i.e., muting pattern within each hop.
As aforementioned, for the first solution, the configuration of SSBs, e.g., number of SSBs within one measurement cycle, depends on the total number of IAB nodes involved in inter-IAB node discovery and measurement. The topology change does not have impact on this number. However, for the second solution, the total number of SSBs within one measurement cycle is equal to the maximum number of IAB nodes involved in inter-IAB node discovery and measurement belonging to the same hop so that topology change has impact on the configuration of SSBs. In order to support more dynamic topology change, at least semi-persistent configuration/reconfiguration of SSBs for inter-IAB node discovery and measurement should be supported and dynamic configuration can also be considered.
Proposal 4: Both semi-persistent and dynamic configuration/reconfiguration of SSBs for inter-IAB node discovery and measurement should be supported.
In particular, two Alts should be considered as follows,
· Alt1: Predefined muting;
· Alt2: Semi-persistent or dynamic SSB muting.
For Alt1, SSB muting pattern is predefined so that less signaling overhead is caused but it also provides low flexibility and configurability. For Alt2, SSB muting can be configurable to provide high flexibility, thus better adapting itself to the variations of channel and traffic. For example, a relay IAB node can indicate to its parent IAB node the SSBs that it has detected. Based on this report, the parent IAB node can then indicate to the relay IAB node a candidate set of SSBs that the relay IAB node shall choose from to transmit its own synchronization signals. It provides a means for the parent IAB node to coordinate the SSB resources by multiple relay IAB nodes. The signaling procedure needs to be further studied. In both Alts, the cell detection/measurement performance of the UE before RRC_CONNECTED will be impacted due to loss of SSB occasions because of muting. For the pre-defined solution, the level of impact cannot be controlled by the network and in some circumstances might be significant. On the contrary, the level of impact can be controlled and mitigated by the network in Alt2 by changing the muting pattern configuration semi-persistently or dynamically. 
Proposal 5: Following Alts can be considered for SSB muting
· Alt1: Predefined muting;
· Alt2: Semi-persistent or dynamic SSB muting.
FFS: Signaling procedure.
Other issues
There are other issues to be considered for inter IAB node discovery SSB design as follows.
SMTC
The SMTC configuration should take SSB configurations mentioned previously into consideration to enable semi-persistent and dynamic measurement supporting dynamic topology change. 
Proposal 6: Semi-persistent and dynamic SMTC configuration should be supported to enable inter IAB node discovery with dynamic topology adaptation.
Conclusions
This contribution considered the necessary enhancements for inter IAB nodes discovery via SSBs. In particular, the following is proposed. 
Observation 1: Muting is only needed when the SSB transmission are aligned for those IAB nodes that require measurement of SSBs to monitor the quality of backup backhaul links between each other.
Proposal 1: For solution 1-A, SSB positions within one SSB burst set can be coordinated across multiple IAB nodes to enable inter IAB node discovery subject to half-duplex constraint..
Proposal 2: SSB TDM pattern should depend on hop order and different TDM patterns can be configured for different hop order.
Propose 3:  The following solutions for muting of SSBs should be considered for inter IAB node discovery and measurement
· Alt1: Muting across all IAB nodes;
· Alt2: Muting based one hop order, i.e., muting pattern within each hop.
Proposal 4: Both semi-persistent and dynamic configuration/reconfiguration of SSBs for inter-IAB node discovery and measurement should be supported.
Proposal 5: Following Alts can be considered for SSB muting
· Alt1: Predefined muting;
· Alt2: Semi-persistent or dynamic SSB muting.
[bookmark: _GoBack]Proposal 6: Semi-persistent and dynamic SMTC configuration should be supported to enable inter IAB node discovery with dynamic topology adaptation.
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