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1	Introduction
The mobility procedures and related measurements can be used as the basline for selection and maintaining best connections for the IAB backhaul (BH) link(s). The MT part of the IAB node can perform normal synchronization to the DL signals and perform cell selection when a suitable cell has been found. This will be followed by initial access to establish the connection and eventually activate the IAB operation of the node (overall IAB access yet to be defined). For any changes in the topology and to maintain a list of candidate connections, the IAB MT should monitor neighboring cells the same way as access UEs. The IAB MT should be provided with adequate opportunities for the measurements and there should be signals transmitted by donor(s) and other IAB nodes suitable for radio channel monitoring.
RAN1#92bis discussed the subject and have the following agreements relevant for measurements [2]:
· 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.
· Measurements on multiple backhaul links for link management and route selection should be studied. 
Further, RAN1#93 agreed following [5]:
· 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
In this document we discuss measurements before and after the activation of an IAB Node, i.e. activation of the BH link(s) and the cell served by the IAB node. 
When the IAB operation is active, there will be limited opportunities for measurements due to communication over the BH and access links, as discussed in detail below. Furthermore, the half-duplex operation restricts the measurements to time instants when the IAB is receiving. Such issues are addressed in the discussion below.

2	Discussion
2.1 Measurements for IAB initial access and inter-IAB-node discovery  
Cell selection and Initial IAB access takes place after a node is powered on or after a loss of backhaul connection followed by a HO failure leading to UE, or MT, component of the IAB node (IAB-MT) going idle. After the power-up the IAB-MT starts cell selection procedure. Discovery of the cells is based on detection of the synchronization signal blocks (SSBs) sent by each cell via one or multiple TRPs on the GCSN grid. SSB transmission can be beamformed. SIB1 indicates the configuration of the SSB transmission in the cell.
The cell selection of the IAB-MT could utilize knowledge of the IAB support in case such information is broadcast by the IAB-donors and IAB nodes. If no such information is broadcast, IAB-MT would behave like a normal access UE selecting best cell based on radio measurments while considering potential access restrictions. Following the cell selection, IAB-MT initiates initial access procedure. The connection of the IAB UE may be directed (handed over) to a cell that supports IAB – in case there is one within the radio reach and in case the selected cell does not have IAB support. The re-direction may be initiated by higher layers, e.g. a topology manager (a function to be defined [3]) managing the IAB BH connections.
[bookmark: _Hlk517342396]Proposal 1:  Cell selection may be assisted by broadcast information indicating IAB support. Without such indication, the cell selection can be identical to a access UE operation.
After the connection establishment normal RRM measurement configuration and reporting may take place. Reported cells may be utilized later as candidate/redundant connection if topology changes are needed. 
Observation 1: Detected cells and related measurement results obtained during the cell search/selection phase can be utilized as the basis for the cell monitoring during the active IAB operation.
During the active IAB operation, periodical measurements for discovering new IAB nodes may not be necessary as the nodes are stationary and adding a new node is a rare event.
2.2 Measurements during active IAB operation
While having BH connections active, an IAB Node should be able to monitor other neighboring nodes (Donors and other IAB Nodes) that had been discovered earlier and being candidates for the BH link change in case the radio conditions change. Or alternatively, the other connections can be used for dual connectivity providing redundant connections. A BH link change may be triggered due to blocking or due to congestion on the active BH link. IAB nodes should not only find the neighbour nodes but also have sufficient measurements to maintain up-to-date information about the radio conditions to the candidate nodes.
An IAB scenario is depicted in Figure 1 where IAB Nodes 1-3 are under Donor 1 and IAB Nodes 4 and 5 under Donor 2. The solid lines indicate active BH links and the dashed lines the candidate connections to be monitored. In this scenario, the IAB Node 3 BH connections could be between two IAB Nodes under a Donor or between IAB nodes under different Donors. In the section below, we discuss a few issues related to measurements of the candidate links in such relaying scenario.
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Figure 1: IAB Nodes active links and measurements for candidate connections.

Measurement configurations
Opportunities for inter-IAB node measurements should be configured to enable both transmission of suitable reference signals by certain nodes and reception of those signals by other nodes. Depending on the resource allocation scheme, there may be a conflict between the desired measurement configurations and radio resources allocated to BH and access links, affected also by the half duplex constraint.  As shown in Figure 1, the link monitoring must be enabled between chains of RNs, possibly originating from different Donors or between branches in the IAB topology under a single Donor. 
As an example, according to the simple resource allocation scheme described in [4] 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 level (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 either transmit or receive in the same time slots. This means that at least some of the IAB-UEs must have or must be provided with measurement gaps, or a deviation in the RX/TX pattern, such that reception is possible in a slot that may normally be used for transmission, or, transmission (of reference signal) is possible in a slot that is normally used for reception. 
Observation 2: Due to radio resource allocation for access and backhaul, considering also the half-duplex constraint of an IAB node, enabling inter-node measurements may require configurations for measurement opportunities that may conflict with the RX/TX pattern used by the IAB node in normal operation.
To cope with the conflicts, reference signal transmissions and corresponding measurement gaps could be configured irrespective of the radio resource allocations. Furthermore, reference signal transmissions may be coordinated between neighboring nodes allowing measurement opportunities for multiple cells/nodes. An IAB node would typically need to monitor only a limited set of nodes which would help in configuring the measurements e.g. in time domain avoiding overlap between the measurement opportunities.
Proposal 2: To enable inter-IAB node monitoring there shall be means to configure measurement opportunities for a set of IAB nodes matching with the reference signal transmissions of another set of monitored IAB nodes.
Reference signals 
RAN1 has initially considered both SSB and CSI-RS based measurements on candidate BH links. It is FFS whether SSB based measurements are used for monitoring of already discovered links. It is within RAN1 scope to study if CSI-RS based measurements would be sufficient for that purpose. However, both alternatives are briefly discussed below.   
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 timing of the transmitted SSBs within a half frame period. To minimize the UE power consumption, serving network will indicate the time window or pattern for SSB measurements. UEs will be signalled the SSB Measurement Time Configuration (SMTC) that includes 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. 
The SMTC configuration is intended to limit UE power consumption due to the mobility measurements.  IAB deployment, however, should not force using such SMTC configurations that would mean increased UE power consumption. Co-ordination of SSB transmissions between IAB Nodes for avoiding time domain overlap between measurement opportunities would increase the UEs’ measurement window duration if the same SSBs would be used for UE and IAB node measurements. Therefore, to minimize the negative impact of IAB deployment to UEs’ power consumption, there could be separate SSBs configured for IAB and UE measurements. Then the SSBs of different nodes, transmitted for UE measurements, could be placed inside short measurement windows. 
Observation 3: The usage of SSBs for IAB monitoring is restricted by the SSB transmission of the monitoring IAB node (in the cell served by the IAB node itself) and by the half-duplex constraint. These restrictions would reflect to UEs’ SMTC as a prolonged measurement window if the same SSBs are shared between access and BH measurements.   
[bookmark: _Hlk517342946]If additional SSBs are broadcast for the purpose of IAB monitoring, they should not affect the access UEs and their cell cell (re-)selection.
Observation 4. It is FFS how to avoid any impact on the access UE cell (re-)selection if IAB specific SSBs are broadcast.
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 evaluation for a candidate BH link. CSI-RS TX could be configured for multiple beams to be able to select best TX as well as the RX beam for the candidate link. This would be beneficial for fast switching of the connection to a candidate link. The drawback of this would be the reservation of radio resources.
Overall, the CSI-RS measurements defined for UE’s (L2) mobility measurements seem to have less restrictions compared to SSB monitoring and could be better suited for IAB measurements.
Observation 5: IAB monitoring based on CSI-RS measurements seem to provide suitable flexibility and would not have direct impact on the operation of access UEs.
RAN1 investigations on the options for reference signal transmissions for RRM purposes are still to be done but at least following options were agreed to be studied [5]:
· 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
RAN2 should consider the eventual outcome of the RAN1 study related SSB and CSI-RS usage for the RRM measurements when defining required procedures and signalling to support inter-IAB measurements.
[bookmark: _Hlk517343169]Proposal 3: RAN2 shall consider the RAN1 conclusions on the PHY support for RRM measurements and how SSB and CSI-RS transmissions and measurements can be used in the cell selection and monitoring of the candidate cells. RAN2/3 shall study coordination between IAB nodes which will be required to set up the RRM measurements properly.
[bookmark: _Toc415085486][bookmark: _Toc503902229]3 Conclusion
In this contribution we have elaborated the options for inter-IAB radio measurements and what kind of configurations can be anticipated. We have also analyzed the reference signals that could be applicable for the measurements. Thus, we have the following observations and proposals:
Observation 1: Detected cells and related measurement results obtained during the cell search/selection phase can be utilized as the basis for the cell monitoring during the active IAB operation.
Observation 2: Due to radio resource allocation for access and backhaul, considering also the half-duplex constraint of an IAB node, enabling inter-node measurements may require configurations for measurement opportunities that may conflict with the RX/TX pattern used by the IAB node in normal operation.
Observation 3: The usage of SSBs for IAB monitoring is restricted by, SSB transmission of the monitoring IAB node (in the cell served by the IAB node itself) and by the half-duplex constraint. These restrictions would reflect to UEs’ SMTC as a prolonged measurement window if the same SSBs are shared between access and BH measurements.   
Observation 4. It is FFS how to avoid any impact on the access UE cell (re-)selection if IAB specific SSBs are broadcast.
Observation 5: IAB monitoring based on CSI-RS measurements seem to provide suitable flexibility and would not have direct impact on the operation of access UEs.
Proposal 1:  Cell selection may be assisted by broadcast information indicating IAB support. Without such indication, the cell selection can be identical to a access UE operation.
Proposal 2: To enable inter-IAB node monitoring there shall be means to configure measurement opportunities for a set of IAB nodes matching with the reference signal transmissions of another set of monitored IAB nodes.
Proposal 3: RAN2 shall consider the RAN1 conclusions on the PHY support for RRM measurements and how SSB and CSI-RS transmissions and measurements can be used in the cell selection and monitoring of the candidate cells. RAN2/3 shall study coordination between IAB nodes which will be required to set up the RRM measurements properly.
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