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1	Introduction
[bookmark: _Hlk510705081]RAN1#92bis made the following agreements relevant for measurements with IAB [1]:
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.
· Measurements on multiple backhaul links for link management and route selection should be studied. 

In RAN1#93 [2] it was agreed further that, 
Agreements:
· IAB supports SSB and CSI-RS based RRM measurements. The following features can be considered:
· Mechanisms for coordination of RS transmission and measurement occasions for IAB nodes 
· Enhancements of SMTC and CSI-RS configurations for IAB 
· An IAB-node supports mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms.
· Study enhancements to RLM RS and associated procedures for IAB
· 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 RRM measurements in presence of IAB. We describe IAB node discovery relying on detection of SSBs for access UEs and IAB specific CSI-RS. We also discuss multiplexing of SSBs for UEs and IAB in the alternative that IAB discovery is based on IAB SSBs.
2	Discussion
2.1 	SSBs for UE measurements in presence of IAB
UEs are assuming regular transmissions of SSBs and CSI-RSs for mobility measurements. Such regular transmissions must be of highest priority also with IAB i.e. when IAB nodes and Donors are transmitting reference signals for UE mobility, they should follow the (access UEs’) SSB and CSI-RS TX configuration irrespective of the slot configuration for certain transmission direction. For instance, an IAB node could transmit SSBs for access UEs in a slot that in the absence of SSB TX is configured for BH DL reception. It is up to network implementation if SSB and CSI-RS transmissions are configured so that they would always take place in DL TX slots. Figure 1 depicts SSB configuration alternatives for slot wise TDM between access and BH. In this case, assuming equal UL/DL division, only every 4th slot is a DL TX slot for an IAB node and the upper part of the figure shows utilizing only these slots for SSB transmission. The lower part of the figure shows the alternative where, for minimizing UEs’ SMTC duration, SSB transmissions are packed to a smaller number of slots. The figure is drawn for SSB set length of eight SSBs.
Observation 1: SSB transmission for UEs may override allocation of slots for BH/access and UL/DL.     
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Figure 1: Two approaches for SSB transmission in presence of IAB.
With SSBs and CSI-RSs transmitted for IAB measurements, more irregular transmissions could be allowed by some specification options as discussed below.              
2.2	IAB node discovery  
Some of the agreements on IAB, listed above in Section 1, can be understood to indicate that IAB nodes would need to try discovering new neighbouring nodes on a regular basis. However, it may be anticipated that regular search would seldom lead to the discovery of new nodes as deploying new nodes to the system is a rare event (Ran2 agreed to consider fixed relays as the main case of IAB). Therefore, it should be considered if it is sufficient to perform SSB based discovery only during initial cell/node selection and access by a newly deployed IAB node. Besides for deployment of a node, the cell selection and initial IAB access would take place if an IAB node loses connection of its BH links and no earlier discovered candidates are available either. The cell selections and initial access could rely on SSBs transmitted for access UEs as only the MT part of the IAB node is active in this phase.
After the initial cell/node selection and access, the discovery could be handled by network co-ordinated CSI-RS transmissions, as the nodes are known to the network and they are already synchronized. Therefore, SSs do not seem to provide any benefit compared with using CSI-RS: a node may be ordered to transmit CSI-RS whose sequence and resource is known to nearby nodes that are ordered for search. CSI-RS transmission and reception could be used for handling discovery when a new node has been deployed to the system and the node has discovered nearby nodes and reported the discovered nodes to the network. The newly deployed node may be ordered to transmit CSI-RSs that can be received by the nodes it had discovered. This way the discovered nodes may discover the IAB node that has made initial network access. Similarly, CSI-RS transmission and reception can be used for checking discoverability between any two nodes that are suspected to be able to discover each other.
All in all, the discovery could be handled by the search of (access) SSBs in the initial cell selection, followed by CSI-RS detection in the later phases. There would not be questions of how to handle SSB transmissions for access UEs and IAB in a single node, and how to configure SSB transmissions for the mutual discovery of IAB nodes.                       
Observation 2: IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases. 
2.3	Multiplexing of SSBs 
An alternative to the approach described in Section 2.1 is that special IAB SSBs would be used for the IAB discovery and monitoring. In that case multiplexing of SSBs for IAB and access UEs transmitted by one node and multiplexing between IAB SSBs transmitted by different nodes must be handled. 
Multiplexing between access UE SSBs and IAB SSBs
Because it is preferable to configure transmission of all access UE SSB sets condensed to a small number of slots while half-duplex constraint forces to spread IAB SSB transmissions over time and/or to use TX patterns that would look irregular to UEs, access UE and IAB SSBs must be orthogonal in time, as already agreed in [2]. This will not increase much the overall resource consumption because IAB SSBs can be transmitted considerably less frequently than access UE SSBs. 
Simple alternatives of multiplexing between IAB and access UE SSBs are shown in Figure 2. In the upper part there is an example of half-frames carrying SSB sets both for access UEs and IAB, which allows the minimum 5sf periodicity for access UE SSB transmission. In the lower part, access UE and IAB SSBs are transmitted in different half-frames. Depending on the number of (SSB) beams, either the lower or both configurations could be suitable for a node. The lower configuration needs to be used by all the nodes in a group where mutual discovery is desired and the upper configuration is not suitable for at least one node.  
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Figure 2: Multiplexing between access UE and IAB SSBs.
Multiplexing between IAB SSBs of different nodes
The selected approach may depend on how much information for assistance will be provided for the IAB SSB detection. With minimal co-ordination of SSB transmissions between the nodes, it could be specified, like with access UE SSBs, that IAB SSBs are transmitted and received in certain slots within windows know to all nodes. A node could decide randomly or following a pseudorandom sequence the windows where it transmits its SSB sets. In the other windows it would receive. An upstream (i.e. parent) node should know its downstream node’s IAB TX-RX pattern in order to schedule the link direction optimally (e.g. avoiding guard times for TX-RX and RX-TX turnings). With random patterns, separate signalling would be needed (e.g. the upstream node deciding the TX-RX pattern of its downstream nodes) whereas if pseudorandom patterns were derived e.g. from nodes’ PCIs, the pattern of the downstream node could be readily known to the upstream node. Another benefit of pseudorandom patterns would be that if a node succeeds in detecting one of the SSBs sent by another node, it knows based on the PCI in which windows to search other SSBs of the node. Pseudorandom or random TX-RX patterns are depicted in Figure 3.
[image: ] 
Figure 3: Random or pseudorandom TX-RX patterns for IAB SSBs
An alternative for (pseudo)random patterns would be TX-RX patterns that allow mutual discovery opportunities within a group of nodes in a fixed number of TX-RX phases. When the length of a TX-RX pattern is N and the number of TX phases in a pattern is M, the number of patterns for mutual discovery is  Figure 4 shows as an example the -patterns. With -patterns, network should coordinate the reuse of patterns.
Both with (pseudo)random and -patterns, the SSB TX/RX windows could be contained in the periods of fixed allocation between the different link directions. (The windows with fixed allocations could be separated with tens of ms long periods of flexible allocations of link directions.) The SSB transmissions could occur in the DL TX slots of the windows of fixed allocation. 
 [image: ]
Figure 4:  TX-RX patterns allowing mutual discvery of IAB SSBs in four TX/RX phases for a group of six nodes.

The main differences between the (pseudo)random and -patterns are that 
(1) With -patterns, the maximum number of TX-RX windows needed for mutual discovery is fixed while with (pseudo)random patterns can be varying. 
(2) With -patterns, averaging over multiple windows is possible as soon as the positions of the windows are known while with pseudorandom patterns at least the pattern defining seeds, e.g. PCIs, of the nodes in the vicinity should be known, and (3) co-ordination for pattern reuse is necessary with -patterns.    

Observation 3: -patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.    
Avoiding UE confusing access UE and IAB SSBs 
[bookmark: _GoBack]It should be avoided that UEs could try to base cell search on IAB SSBs as these are not sent on the regular basis. Avoiding completely access UEs detecting IAB SSBs may not be possible, as even off-raster SSBs may be detected by a UE that is searching the first synchronization source. But just like with off-raster access UE SSBs, MIB of an IAB SSB should direct UEs to detect on-raster SSBs with RMSI-PDCCH-Config.  
Observation 4: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.        
2.4 	CSI-RS based IAB link monitoring 
For radio link monitoring between IAB nodes and between an IAB node and a Donor, two link types should be distinguished: active links carrying control and/or data and candidate links to which the BH connection may be handed over in case of a failure on the active link(s). For the active link(s), monitoring can be based on CSI-RSs transmitted by Donor or upstream IAB node and SRS transmissions by the downstream IAB node, just like between an access UE and a gNB. For monitoring over candidate links, CSI-RS transmissions and reception can take place the way it is specified for mobility measurements. For mobility, UE can be configured to measure multiple CSI-RS (per PCI) with periodicity between 4 and 40ms, with fully flexible slot and symbol offset, and with certain frequency domain allocation and sequence. If associated SSB is not indicated, UE bases the timing on the timing of its serving cell. This way of configuring can be used as such for IAB measurements. UEs can be configured to report measurement results per CSI-RS or per cell. In case of IAB, results per CSI-RS rather than averaging over multiple beams would be more meaningful as long as only stationary nodes are considered. 
For IAB, the maximum periodicity of CSI-RS transmission could be larger than 40ms. Another way of avoiding unnecessary resource use would be network triggering a set of measurements (and reference signal transmissions) only when seen useful.                     
Because of the flexible resource configuration of CSI-RS half-duplex constraint is not problematic.  
Observation 5: CSI-RS based IAB link monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB. 
3	Conclusions
We made the following observations on RRM measurements in the presence of IAB: 
Observation 1: SSB transmission for UEs may override allocation of slots for BH/access and UL/DL.
Observation 2: IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases. 
Observation 3: -patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.
Observation 4: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.        
Observation 5: CSI-RS based IAB link monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB. 
Based on the observations we propose that
Proposal: RAN1 is asked to consider the need for IAB specific SSB transmissions and if the CSI-RS (or SRS) based detection and monitoring of the IAB nodes is sufficient between nodes that have done cell selection and network access.
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