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1	Introduction
To maximize the re-use of existing NR specifications, it is assumed that the mobility procedures and related RRM measurements are used as the basis for topology adaptation and BH changes. Related to measurements, current TR lists following options to be studied:
· 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 which is TDM with Rel-15 SSB transmissions (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity for backhaul link detection and measurement compared to the periodicity used by access UEs
Coordination mechanisms for the different solutions should be further studied, including mechanisms for coordination of RS transmission and measurement occasions for IAB-nodes. 
Enhancements of SMTC and CSI-RS configurations to support RRM measurement for IAB-nodes can be considered as part of the study.
RAN1#94 discussed the topic and agreed following [3]:
· For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) at least one of the following solutions should be supported:
· SSB-based solutions (Solution 1):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
· Mechanisms to support half-duplex transmission/measurement of SSBs (e.g. muting patterns) for Solution 1-A) or Solution 1-B) 
· Further study potential impacts of the above solutions on access UEs performing initial access/in IDLE mode, including:
· Cell detection/measurement performance impact due to loss of SSB occasions due to muting
· Discovery of SSBs by access UEs which are intended only for IAB node discovery
· CSI-RS based solutions (Solution 2)
· Feasibility of CSI-RS only based discovery in case of unsynchronized network operation 
· Further study enhancements to existing configurations (e.g. SMTC and CSI-RS configuration) and inter-node coordination (e.g. F1) for Solutions 1) or 2) and possibility of aperiodic transmission of SSBs/CSI-RS

· In case of SA deployments, initial IAB node discovery by the MT (Stage 1) follows the Rel.15 procedure for cell search and initial access based on SSBs available for access UEs without additional required specification support.
· FFS: how to support NSA deployment
· FFS whether Stage 2 enhancements (if any) can be applied to Stage 1

In this paper we elaborate the two solutions identified for node detection as well as required configurations that would enable desired operation.
2	Initial access
2.1	SSB based detection and node selection
As agreed in RAN1#94, IAB node (MT) initial access will be identical to that of an access UE. IAB-MT detects and selects serving cell based on SSB measurements and broadcast system information. There are no specific requirements how the MT (or UE) carries out the measurements for cell detection is up to implementation. The measurements will be anyway based on scanning of the synchronization signals sent by gNBs. The cell with strongest detectable SS can be ranked as the best cell. Broadcast system information (PBCH, SI) indicate whether the cell is suitable and where the access can be initiated. For a suitable cell, the PLMN has to be an allowed one and the access control is not preventing the access.
It has been FFS if additional information about the IAB support and deployment needs to be broadcast to assist IAB cell selection. Such information can be:
· An indication about the IAB support
· The hop count to the IAB-Donor
· Information about the load on the BH link(s)
Following difference can be seen depending on the existence of the assistance information:
· With assistance information, the initial cell selection can lead to optimal BH connection without need for BH link change prior to IAB activation
· Without assistance information, possibly with the assistance of the topology manager, RAN may trigger a HO to a cell
· supporting IAB in case the selected one is not capable for IAB
· which could be more suitable for BH connection considering the existing IAB topology – provided that another or better IAB supporting node is within the reach of the deployed IAB node. This can be done e.g. during the connection setup procedure, e.g. while having PDU session established to OAM for IAB configuration.

Observation 1: Initial access of an IAB node can be performed with or without broadcast assistance information related to IAB operation.
Observation 2: The connection setup procedure may include HO if a connection feasible or better suited for IAB backhauling is available.

3	Node discovery and monitoring
In this section we discuss the two basic approaches for node discovery while the IAB node operation is active. Access UEs are assuming regular transmissions of SSBs and CSI-RSs for mobility measurements. Such regular transmissions must be of the highest priority also with IAB. IAB deployment has the restriction from the half-duplex operation limiting the time instants available for broadcast transmission. Despite this constraint, IAB nodes should be configured with the SSB and CSI-RS TX irrespective of the slot allocation for certain link (up/downstream BH link, access link) or transmission direction. It is up to network implementation that the SSB and CSI-RS transmissions are configured so that they would always take place slots allocated for DL TX.

3.1	SSB based detection (Solution 1)
Figure 1 shows examples for SSB configurations for slot a wise TDM between access and BH. In this simplified case, assuming equal UL/DL division, the possibility for DL TX is feasible only on every 4th slot. The example illustrates SSB transmission using only these slots available according the configured RX/TX pattern. The example below shows the alternative where the SMTC duration is minimized and the IAB regular RX/TX pattern is broken to provide additional slots for SSB transmission. In this case SSBs are packed to a smaller number of slots minimizing the length of the SMTC window and thus eliminating excessive power consumption in the access UEs. The figure is drawn for SSB set length of eight SSBs and considering only the SSBs used on the access link
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Figure 1 Examples of SSB TX with half-duplex limitation
Observation 3: To eliminate the need to extend the SMTC window, the SSB TX may have to override the pattern for slot allocation for different links and UL/DL directions.
For the inter-IAB-node detection the options that were considered are:
i. Using only SSBs of the access link (Solution 1-A)
ii. Configuring IAB specific SSBs orthogonal (by TDM/SDM/FDM) to those for access UEs (Solution 1-B)
With both options the IAB nodes should be have the possibility to measure and detect the neighbouring IAB node SSB signals. As described above, the half-duplex constraint will limit the occasions where inter-IAB-node measurements can be done. It should be noted that the measurement opportunities shall enable all neighbour node monitoring for all IAB nodes, i.e. each node should be configured with receive slot when some of the neighbour IAB nodes is transmitting SSB. This has to be provided for both directions between neighbour IAB node pairs.

3.2	Reusing SSBs sent for access UEs (Solution 1-A)
Considering the requirements described above, it is evident that the IAB deployment will affect the SSB configuration for the access link with Sol. 1-A. IAB detection and monitoring will require occasional muting of SSB TX in order to enable reception of the neighbour node SSB. Thus, there will be some impact on the access UEs. The quantitative effect on the UEs depend on the defined requirements for the IAB monitoring, e.g. what shall be the periodicity of the measurements.
Observation 4. Solution 1-A requires muting of SSBs affecting the access UEs. It is FFS what will be the requirements for the IAB monitoring and hence, how much the muting will affect regular SSB transmission.
The periodicity of SSB muting should be somehow reasonable w.r.t the assumption of deployment of new IAB nodes. Presumably deployment of a new IAB node happens rarely compared e.g. to the length of a SSB burst set. Therefore, the definition of a muting pattern should preferably be long, value of the muting pattern length is FFS.
The advantage of Sol. 1-A is that the SMTC window may not need to be modified when IAB is deployed. Also, there will be only one set of SSB configurations.
Observation 5. Solution 1-A has the advantage of requiring only one set of SSB and SMTC configurations.
If the muting of SSBs is considered only a performance issue, Sol.1-A could be an option for IAB deployment. However, if muting is considered such an impact for UEs that cannot be accepted for legacy implementation, the Sol.1-A cannot be selected for IAB.
Proposal 1. Solution 1-A can be considered as feasible option only if the impact to legacy UEs is seen acceptable in terms of measurement performance.

3.3	IAB specific SSBs (Solution 1-B)
Solution 1-B is not affecting the configuration of the access link SSB transmission. The configuration of IAB specific SSBs, however, has the same limitations (from half-duplex constraint) and requirements (enabling monitoring occasions for IAB nodes). Furthermore, the access UEs should not select the cell for camping based on IAB specific SSBs.
Multiplexing between access UE SSBs and IAB SSBs:
It is desirable to configure transmission of access UE SSB sets condensed to a small number of slots. However, half-duplex constraint forces to spread IAB SSB transmissions over time and/or to use TX patterns that would look irregular to UEs. Furthermore, SSBs for access UEs and IAB nodes must be orthogonal in time, as already agreed in [4]. The overhead due to IAB specific SSB TX can be limited with less frequent transmission of SSB bursts/burst sets. 
Simple alternatives for SSBs multiplexing are shown in Figure 2. The upper part illustrated 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 must be used by all the nodes in a group where mutual discovery is desired and where the upper configuration is not suitable for at least one node.
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Figure 2 Multiplexing of UE and IAB specific 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.
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Figure 3 IAB SSB transmissions with (pseudo-)random patterns
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. For more details, see [5]. 
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Figure 4 IAB SSB transmissions with  
The SSB TX-RX patterns may need to be adapted each time the topology changes, e.g. when a new IAB node is deployed. There may be also a limitation how many nodes a pattern can support. Therefore, the definition of the pattern should preferably be able to cope with maximum number of monitored nodes that can be anticipated based on the IAB topology.
Observation 6: Used SSB TX-RX pattern may need to be adapted when the IAB topology is changed.
The configuration of the TX-RX pattern needs enhanced signalling either over RRC or F1, details are FFS.
Observation 7: New signalling would be needed to configure appropriate TX-RX patterns for each IAB node to be able to monitor all relevant neighbouring nodes.

3.2	CSI-RS based solution (Solution 2)
For RRM measurements, following agreement was reached in RAN1 #94:
· For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements. Further consider the following aspects:
· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 

For the radio link monitoring, two link types should be distinguished: active BH 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. With architecture group 1 where the CU is at the donor, the CSI-RS and corresponding measurement configuration can be controlled by the IAB-donor for all subtending IAB nodes. Configurations between IAB-donors would need to be exchanged over Xn. Such option is under consideration in RAN3 and is up to RAN3 to agree.                  
Because of the flexible resource configuration of CSI-RS half-duplex constraint is not problematic.  
Observation 8: 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. 
The IAB detection/discovery can be performed the same way as monitoring described above by utilizing the measurement results of the cell selection as the basis for candidate links for a newly deployed IAB node. The new node can report its measurement results while setting up the connection. Nodes of the reported cells can be then configured to monitor CSI-RS TX configured for the new node to enable the discovery by the neighbouring nodes. Relevant signalling for such operation exists and therefore Sol. 2 may not need any enhancements for signalling (except possible Xn enhancements). Therefore, the Sol. 3 can be considered as an implementation option.
Observation 9: Solution 2 is supported by existing Uu signalling and can be considered as an implementation option.

4	Conclusions
In this contribution we have elaborated the options for IAB node detection and monitoring. Based on the analysis we ended up with following observations and proposals.
Observation 1: Initial access of an IAB node can be performed with or without broadcast assistance information related to IAB operation.
Observation 2: The connection setup procedure may include BH change if a connection feasible or better suited for IAB backhauling is available.
Observation 3: To eliminate the need to extend the SMTC window, the SSB TX may have to override the pattern for slot allocation for different links and UL/DL directions.
Observation 4. Solution 1-A requires muting of SSBs affecting the access UEs. It is FFS what will be the requirements for the IAB monitoring and hence, how much the muting will affect regular SSB transmission.
Observation 5. Solution 1-A has the advantage of requiring only one set of SSB and SMTC configurations.
Observation 6: Used SSB TX-RX pattern may need to be adapted when the IAB topology is changed.
Observation 7: New signalling would be needed to configure appropriate TX-RX patterns for each IAB node to be able to monitor all relevant neighbouring nodes.
Observation 8: 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. 
Observation 9: Solution 2 is supported by existing Uu signalling and can be considered as an implementation option.

Proposal 1. Solution 1-A can be considered as feasible option only if the impact to legacy UEs is seen acceptable in terms of measurement performance.
As a summary it can be concluded that:
· Solution 1-A can be an option only if the impact to access UEs is considered acceptable
· [bookmark: _GoBack]Solution 1-B has the largest specification impact due to IAB specific SSB configurations. Furthermore, the additional SSB overhead will be largest
· Solution 2 could be implemented without standard changes and therefore could be an implementation option
Assuming fixed IAB deployment and synchronous network, Sol. 2 could be just an implementation option using existing signalling. For such scenario another standardized solution would not be needed for the same purpose.
Based on these point, we propose:
Proposal 2: RAN2 is asked to consider the aspects elaborated for the alternative solutions, their impact on access UEs, impact on specifications and their requirements for implementation.
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