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Introduction
[bookmark: _Hlk510705081]RAN1#94bis progressed with the definition for IAB discovery and measurements. The agreements in this area were [2]:
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:
· CSI-RS can be used for inter-IAB detection in synchronous network
· Extended CSI-RS periodicities can be considered. 

In this contribution we elaborate further the IAB operation during the initial access and during the active operation of the IAB node.

Discussion
IAB initial access
It has been agreed that in SA deployment IAB initial access takes place utilizing the access UE SSBs with Rel. 15 procedure. IAB specific RACH configuration may be needed to support the RTT between two IAB nodes that may be longer than the RTT of UEs. This means that IAB nodes and Donors should broadcast an indication that they support IAB (at least for initial network access of IAB nodes) and another indication if IAB specific RACH resources must be used and what those resources are. In the following discussion the IAB initial access is understood to cover all steps needed before an IAB node is ready to serve UEs or child IAB nodes.  
Observation 1: In case of longer RTT than that of access UEs, IAB nodes can initially access only nodes supporting IAB specific RACH configuration.   
Therefore, the IAB initial access procedure is:
(1) The node finds the best (or sufficiently good) IAB node or donor by detecting SSBs (sent for access UEs), checking from system information (SIB1) the IAB support and reading RACH configuration that may be IAB specific. If seen necessary by RAN2, some other information can be carried in SI for optimizing node selection.
(2) The node connects to the selected node by a random access procedure. For prioritizing the access attempt, it should be known the attempt is for IAB. Use of IAB specific RACH resources would implicitly tell that the access is from an IAB node. However, if there is also the possibility that no such resources are needed (access RACH resources support RTT long enough for IAB access), IAB as a ‘cause’ of access could be indicated in RA Message 3. 
(3) The IAB node authenticates with the operator’s network and establishes connection to OAM functionality for OAM configuration. 
(4) The IAB node can be configured with appropriate measurement and reporting configurations for cell search and monitoring. Any measurement reports can be utilized for a better node selection if the initial cell selection was not the optimum for the backhauling in the IAB topology. In addition, some candidate connections can be selected.
(5) Beam refinement is performed on the established connection.
(6) [bookmark: _Hlk528308109]Candidate connections can be prepared for potential BH link change: Random access to determine TA, possibly with beam refinement, and, allocation of dedicated RACH or SR resources. This step would speed up switching to a new connection if the existing connection deteriorates or fails. After TA is known, the access UE RACH resources are available for sending a path switching request over the redundant link in case of a sudden failure of the primary link. In a synchronized network, the TA of a candidate connection can also be determined from the TA of the active connection and the timing difference of DL signals received over the active and candidate connections.
(7) Up to this point the IAB MT part has been active. From this on, the access procedure moves to Phases 2 and 3 as defined in section 9.3 of [2]. The node is activated to serve UEs and IAB child nodes.        

Discovery and measurements in the IAB initial access can be based on CSI-RS or access UE SSBs. 
Proposal 1: IAB initial access includes beam refinement for the active link and preparation of candidate connections. The preparation includes at least determining TA and dedicated RA or SR resources for the candidate link.  
Proposal 2: During IAB initial access, all measurements are based on access UE SSBs or CSI-RS.  

Discovery after IAB initial access based on aperiodic SSB/CSI-RS transmissions
During the IAB initial access, the nodes of the active and candidate connections become aware of the new IAB node. But there may be other nodes for which the newly deployed node could be suitable for an alternative connection. The set of such nodes can be formed based on the measurement report sent by the new node during the IAB initial access. The set of nodes can be ordered for measurements while the new node is ordered for reference signal (SSB or CSI-RS) transmission. If these measurements rely on SSBs, the SSBs should be transmitted following the Solution 1-B definitions as they would be aperiodic in nature. 
Similar aperiodic measurements and reference signal transmissions could be configured any time when the network topology is changing e.g. when a primary or redundant link weakens or is lost, and a replacement needs to be found. If only stationary nodes are considered, topology changes can be expected to happen so seldom that it seems unnecessary to support periodical SSB transmissions for mutual node discovery.  
Observation 2: Aperiodic SSB/CSI-RS transmissions can be used for discovery that is needed due to topology changes.     
CSI-RS based measurements
Periodical CSI-RS based measurements could be configured for monitoring the quality of candidate links while the quality of the active link is followed as between an UE and a gNB. Measurements between nodes without primary or redundant link between them would be handled with aperiodical reference signal transmissions as discussed in Section 2.2. 
Observation 3: Monitoring of active and candidate connections can be based on periodical CSI-RS transmissions.
Summarising Sections 2.2 and 2.3 we make the observation:
Observation 4: After IAB initial access, the discovery could be based on aperiodical reference signal transmissions in special situations when the topology changes, and periodical monitoring would be done only on active and candidate connections relying on CSI-RS.
Periodical SSB transmissions for mutual discovery 
According to the observations in Sections above, after initial access, discovery can be handled with aperiodic SSB and CSI-RS transmissions. However, a reason to specify SSB transmissions for mutual discovery could be minimizing the co-ordination effort and the signalling related to aperiodical or CSI-RS based measurements. Although the benefits are somewhat unclear, we elaborate below mutual discovery based on periodical SSB transmissions. 
In [3] it was noted that nodes on different level of hierarchy (hop-count) would transmit SSBs on different symbols and could therefore always discover and measure each other’s SSBs. This assumes that SSB transmission adapts to the symbol type rather than adapting the symbol type to the SSB occurrence. The latter way, proposed in [4], would allow aligning SSB transmissions of different nodes to same slots, which would minimize SMTC window widths. Another, even more important reason to align the SSB transmissions in certain symbols (irrespective of the hop-count) is to avoid changing SSB positions if the hop-count of a node changes due to connection switching. Although topology changes may be rare, at least positions of SSBs sent for access UEs should not change.
Proposal 3: Positions of SSBs sent for access UEs must not depend on the hop-count. It is FFS if this should apply also to SSBs sent just for IAB nodes.
For Solution 1-A the above proposal means reduced number of time-orthogonal SSB resources to be allocated for different nodes. Figures 1 and 2 are drawn taking this proposal into account.
In Figure 1, an example is shown for Solution 1-A. If there are two time-orthogonal SSB sets per 5ms, this gives altogether 8 SSB sets within 20 ms period to be allocated for nodes that should measure each other’s SSBs. If all these SSB sets are in use, SMTC window length of 5sf and periodicity of 5sf should be configured for UEs. 
Observation 5: Solution 1-A may mean prolonging access UE SMTC window length and reducing the SMTC periodicity.    
[image: ]      
Figure 1: An example of SSB transmissions with Solution 1-A: SSB periodicity 20ms, 2 SSB sets per half-frame would allow half-duplex discovery within a group of 8 nodes.   
Figure 2 for solution 1-B is drawn assuming that IAB specific SSBs can be transmitted interlacing SSBs of nodes with even and odd hop-count. In this example there is space for two time-orthogonal SSB sets in a half-frame, and = 6 TX/RX patterns are shown both for even and odd hop-count nodes in a configuration that minimizes the number of SSB set windows needed for providing 6+6 patterns for mutual discovery (6 patterns for nodes on even and another 6 for nodes on odd hop-count). In the example, the IAB SSB transmissions are concentrated within 10ms windows (separated by more than 20ms), but they could as well be spread more evenly to e.g. two non-adjacent half-frames or four non-adjacent half-frame fractions. Within the 10ms period shown in the figure, IAB nodes on different hop-counts have two opportunities to measure each other’s SSB sets (e.g. measuring with two RX beams). However, only one or two opportunities are available for each pair of nodes on the same hop-count.
Observation 6: -patterns with k=n/2 could be used for minimizing the total number of symbols spent for SSB transmission and reception when aiming to a certain number of patterns.
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Figure 2: An example of SSB transmissions according to Solution 1-B.

Conclusion
Based on the analysis of the IAB operation during the initial access and active operation we observed following:
Observation 1: In case of longer RTT than that of access UEs, IAB nodes can initially access only nodes supporting IAB specific RACH configuration.
Observation 2: Aperiodic SSB/CSI-RS transmissions can be used for discovery that is needed due to topology changes.
Observation 3: Monitoring of active and candidate connections can be based on periodical CSI-RS transmissions.
Observation 4: After IAB initial access, the discovery could be based on aperiodical reference signal transmissions in special situations when the topology changes, and periodical monitoring would be done only on active and candidate connections relying on CSI-RS.
Observation 5: Solution 1-A may mean prolonging access UE SMTC window length and reducing the SMTC periodicity.
Observation 6: -patterns with k=n/2 could be used for minimizing the total number of symbols spent for SSB transmission and reception when aiming to a certain number of patterns.
Considering the above we are proposing following:
Proposal 1: IAB initial access includes beam refinement for the active link and preparation of candidate connections. The preparation includes at least determining TA and dedicated RA or SR resources for the candidate link.  
Proposal 2: During IAB initial access, all measurements are based on access UE SSBs or CSI-RS.  
Proposal 3: Positions of SSBs sent for access UEs must not depend on the hop-count. It is FFS if this should apply also to SSBs sent just for IAB nodes.
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