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1	Introduction
The agreements in RAN1 #92bis, relevant for this document, are:
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.
· 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:
· Measurements on multiple backhaul links for link management and route selection should be studied. 
In this document we discuss separately measurements before and after the activation of an IAB Node for serving its cell. For the measurements during an active IAB connection, we consider configuration of the measurements and the selection of the reference signal type for the measurements.  
2	Discussion
2.1 Measurements for initial IAB access 
Initial IAB access takes place after a node is powered on or after a loss of backhaul connection(s) followed by a HO failure leading to UE component of the IAB node (IAB-UE) going idle. In these situations, the IAB-UE starts cell selection procedure. The IAB-UE may be configured to search cells only on certain frequencies, and the cell selection procedure depends on if IAB Nodes and Donors broadcast information on their IAB support. If no such broadcast information is specified, the IAB-UE behaves like an access UE selecting best cell based on radio measurments and considering access restrictions. It initiates access procedure via the selected cell and it is up to higher layers to direct the IAB connetion to a cell that supports IAB – in case there is one within the radio reach. On the other hand, if there is broadcast information about the IAB support, the IAB UE selects the best cell among the cells supporting IAB. 
Observation 1:  Without broadcasted indication of IAB support, the measurements for IAB access would be like UE measurements, and a higher layer procedure for moving the connection to a node supporting IAB could follow the first access.   
After the connection establishment to the selected node and prior to the activation of the IAB operation (including BH link configuring and starting to serve its cell), RRM could configure measurements for recording the radio conditions to nearby IAB supporting nodes. The measurements could be configured with the assistance of a topology manager (a function to be defined [1]). After measurement results are returned, the topology manager could possibly decide on a HO to a node that suits best for the backhaul connection. The HO decision could be based on the link qualities and loads over all the hops on the paths to Donor(s). 
The measurement results of the cell search and cell selection phase can be utilized in the monitoring phase (discussed in Section 2.2) e.g. to limit the monitoring only to the best cells for candidate BH connections. This way extensive measurements would be done before activation of the node for IAB operation. After the activation, measurement possibilities are more constrained as discussed below.
Observation 2: It is beneficial if extensive measurements are done before activation of a node for the IAB operation as this allows limiting the measurements to a small set of candidate cells after the activation.  
2.2 Measurements during active IAB connection
In addition to established BH connections, an IAB Node should be able to monitor other neighboring nodes (Donors and other IAB Nodes) being candidates for the BH connection in case the radio conditions are changed, e.g. due to blocking of a link, or if congestion over a link would trigger the BH link change to a new serving node. IAB nodes should not only find the neighbour nodes but also be able to have sufficient measurements to have up-to-date information about the radio conditions to the candidate nodes. Such measurements are depicted in Figure 1 that shows IAB Nodes 1-3 under Donor 1 and IAB Nodes 4 and 5 under Donor 2. The solid lines depict active BH links and the dashed lines measurements over the candidate connections of IAB Node 3. As shown in the figure, the candidate connections may be between two IAB Nodes under a Donor or between nodes under different Donors. Below we discuss a few issues on the measurements over the candidate links.
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Figure 1: IAB Nodes active links and measurements for candidate connections.

Measurement configuration and conflicts  
An IAB Node receives measurement configuration that includes arrangements both for transmission and reception of reference signals. These configurations may be conflicting with the resource allocations for BH and access links.  As shown in Figure 1, the link monitoring must be enabled between chains of RNs originating from different Donors or between branches in a tree-shape topology. For instance, according to the simple resource allocation scheme described in [2] for half-duplex operation with TDM between access and BH, the link direction (BH upstream/BH downstream/access UL/access DL) in a certain slot depends on the node’s hierarchy (hop-count from the Donor). Then two nodes on the same level of hierarchy (e.g. Nodes 2, 3, and 5 in Figure 1) would normally always transmit or receive in the same slots. This means that at least some of the UEs of the IAB nodes must have measurement gaps, or a deviation in the RX/TX pattern, such that there is RX in a slot that is normally used for transmission or TX in a slot that is normally for reception. In the other end there may be beam switching but no change in the TX/RX direction nor a guard time related to such a change. 
Observation 3: Reference signal TX and RX configurations for inter-node measurements may conflict with the TX/RX pattern that the IAB Node uses for access and BH traffic.
To cope with the conflicts, it could be specified that reference signals are always transmitted as configured irrespective of the slot allocations to different link directions. On the other hand, an IAB Node could be allowed to use any configured measurement opportunity that is not conflicting with reference signal transmission and that is needed for reaching sufficient accuracy. In addition, reference signal transmissions would need to be coordinated between neighboring nodes to allow sufficiently frequent measurement opportunities. As it can be expected that a node would typically need to monitor only a few other nodes, reference signal transmissions could be configured avoiding any time-overlap between the reference signal transmissions of nearby nodes. If this is not seen feasible, more resource efficient methods are available e.g. by introducing transmission patterns following the principle adopted for scheduling assignment transmission in LTE ProSe Communication. 
Proposal 1: Reference signal transmissions for IAB measurements are prioritized over other transmissions and receptions and coordinated even over nearby IAB Nodes under different Donors. 
Reference signal type 
Usage of SSBs for IAB monitoring: SSBs are normally used for cell search and cell level mobility. Transmission of SSBs are signaled in SIB1 with either 8-bit (FR1) or 8+8-bit (FR2) bitmaps indicating the locations of the SSBs. To minimize the UE power consumption, SIB2 and SIB4 carries information about the time window for SSB measurements. The information can be sent also with dedicated signaling in the measurement configuration defining the SSB Measurement Time Configuration (SMTC), i.e. the measurement periodicity and offset as well as the measurement duration. UEs can assume that they will be able to measure all (relevant) cells within the configured measurement window. 
Because the measurement timing windows are configured for the access UEs, the flexibility to configure IAB specific timing configurations for SSB monitoring is limited. Furthermore, each IAB node should also be able to send SSB in the cell served by itself and falling within the configured measurement window. 
Observation 4: The usage of SSBs for IAB monitoring is restricted by the SSB measurement timing configuration, SSB transmission by the (monitoring) IAB node in the cell served by it and the half-duplex constraint.
Usage of CSI-RS for IAB monitoring: The CSI-RS transmission can be separately configured for certain connections without having direct impact on other connections or measurements. CSI-RS transmissions can be configured for narrower beams than those used for SSBs and therefore could provide possibility for beam evalution for candidate BH link. This would be beneficial for fast switching of the connection to a candidate link. Obviously, this would require CSI-RS TX to be configured for multiple beams to be able to select best TX as well as the RX beam for the candidate link. The drawback of this would be the reservation of radio resources. The negative impact could be minimized by limiting the CSI-RS transmission in time or beam domain. For the latter, the selected beams could be based on previous measurement results.
Overall, the CSI-RS measurements defined for UE’s mobility measurements seem to have less restrictions compared to SSB monitorings and would thus be better suited for IAB monitoring. Relying on SSBs could be problematic as that would couple UE and IAB measurements. 
Observation 5: IAB monitoring based on CSI-RS measurements seems to provide sufficient flexibility and would not directly impact on the operation of access UEs. 
Considering the analysis above, both SSB and CSI-RS measurements could be options for IAB monitoring. However, CSI-RS measurements seem to provide better flexibility and therefore would be better suited for IAB monitoring.
Proposal 2: RAN1 is asked to consider CSI-RS measurements as a suitable option for IAB monitoring.
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Our observations and proposals on IAB measurements are:
Observation 1:  Without broadcasted indication of IAB support, the measurements for IAB access would be like UE measurements, and a higher layer procedure for moving the connection to a node supporting IAB could follow the first access.   
Observation 2: It is beneficial if extensive measurements are done before activation of a node for the IAB operation as this allows limiting the measurements to a small set of candidate cells after the activation.
Observation 3: Reference signal TX and RX configurations for inter-node measurements may conflict with the TX/RX pattern that the IAB Node uses for access and BH traffic.
Proposal 1: Reference signal transmissions for IAB measurements are prioritized over other transmissions and receptions and coordinated even over nearby IAB Nodes under different Donors. 
Observation 4: The usage of SSBs for IAB monitoring is restricted by the SSB measurement timing configuration, SSB transmission by the (monitoring) IAB node in the cell served by it and the half-duplex constraint.
Observation 5: IAB monitoring based on CSI-RS measurements seems to provide sufficient flexibility and would not directly impact on the operation of access UEs. 
Proposal 2: RAN1 is asked to consider CSI-RS measurements as a suitable option for IAB monitoring.
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