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1   Introduction
RAN1#94-RAN1#95 have discussed SSB-based solution for the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) and made the following agreements. 
· 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

· 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 

· 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
· 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
· 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

· The following physical layer features and solutions are recommended to be specified as part of a Rel.16 IAB WI from a RAN1 perspective
· Enhancements for use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs, including new periodicities and time-domain mapping/muting patterns
RAN1#AH1901 and RAN1#96 have further made the following agreements. 
· SSB transmission configuration information (i.e. the necessary information for the DU to determine when to transmit SSB) and SSB reception configuration information (i.e. the necessary information for the MT to determine when to search for SSB) for IAB inter-node measurements are determined in a centralized manner, i.e. not locally by the IAB node.
· An IAB node is provided with configuration of SSB transmission and reception information for IAB inter-node measurements.
· FFS details 
· The SSBs for IAB inter-node discovery and measurements are defined with a framework using the characteristics of the Rel 15 SMTC framework with the following enhancements: 

· The maximum number of SMTC windows that can be configured for an IAB node, referred as max( NRX ), is at least 3

· FFS whether max( NRX ) needs to be greater than 3

· FFS whether or not to extend existing SMTC window configuration

· Each SMTC window is provided its own independent configuration (e.g. periodicity, offset, duration)

· Introduction of SSB transmission configurations (STC) indicating SSB transmission(s)

· FFS details

· FFS how to resolve potential collision between SMTC and STC

In this contribution, based on those discussion and agreements, we further elaborate those topics and present our views on SSBs for inter-IAB-node discovery and measurements.
2   SSB Resources for Inter-IAB Discovery and Measurements  
In Rel-15, SSBs for access UEs is confined within a 5ms half frame window. It can have different periodicities in {5,10,20,40,80,160} ms.  An idle UE assumes a default periodicity of 20ms to perform initial access. For SSBs for inter-IAB discovery and measurement, the same SSB structure as in Rel-15 can be applied. Each SSB is confined in half-radio frame.

Considering half-duplex constraint, SSBs for inter-IAB measurement and discovery need to be TDMed across half-radio frames with SSBs for initial access. Since 20ms SSB periodicity is assumed for initial access, 3 SSBs can be TDMed within the 20ms period for inter-IAB discovery as showed in Figure 1.  
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Figure 1: TDM between SSBs for initial access and SSBs for inter-IAB discovery across half-radio frame
Increase SSB periodicity for inter-IAB measurement/discovery can increase the orthogonal time resources for SSB transmission. In Figure 2, we show an example that SSB periodicity for inter-IAB measurement/discovery is 40ms.  As we increase the SSB periodicity for inter-IAB measurement/discovery, the candidate locations for inter-IAB are also increasing but cannot overlap with the SSBs for access UEs every 20ms. In principle, if increase the SSB periodicity for inter-IAB measurement/discovery to 20*x ms, the number of time orthogonal SSB resources for inter-IAB measurement/discovery will be 3*x.
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Figure 2: SSB resources for inter-IAB measurement/discovery with 40ms periodicity
SSBs for inter-IAB discovery/measurement can be FDMed with SSBs for initial access at less than 20ms periodicity. In addition, SSBs for inter-IAB discovery/measurement can be FDMed among each other. A muting pattern need to be defined among IAB nodes with FDMed SSBs for them to discovery each other.  In Figure 3, we show another example that SSBs for inter-IAB discovery are FDMed with SSBs for initial access at 10ms periodicity. We can see that at IAB node 2, for each 20ms window, it will transmit two SSBs for access UEs, with one SSB for access UEs overlapping with SSB for inter-IAB (on different frequency raster). When IAB node 1 needs to measure SSB for inter-IAB transmitted by IAB node 2, it needs to mute its own SSB transmission for access UEs at that location. However, since the UE assumption for SSB at initial access is 20ms, as long as a UE can detect at least one SSB for UEs at IAB node 1 during 20ms, it can still connect to IAB node 1.  
Note that when SSBs for inter-IAB discovery/measurement FDM with SSBs for access UEs, muting on SSBs for inter-IAB discovery/measurement would also lead to muting on SSBs for access UEs. This would potentially affect access UE’s measurement. To address this issue, access UEs need to be properly configured with measurement SSB resources to avoid measuring on the SSBs that could be muted.   
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Figure 3: SSBs for inter-IAB discovery/measurement FDMed with SSBs for initial access at less than 20ms periodicity
Based on those examples and discussion, we conclude the following on SSB resources for inter-IAB discover/measurement:

· SSBs for inter-IAB discovery/measurement can be TDMed with SSBs for access UEs across half frames. 

· There are three SSB candidate locations within the 20ms periodicity window for inter-IAB discovery/measurements.

· Increasing the SSB periodicity for inter-IAB discovery/measurement to increase the number of SSB candidate locations for inter-IAB discovery/measurements. 
· If the SSB periodicity for inter-IAB is 20*x ms, the number of candidate locations for inter-IAB discovery/measurements will be 3*x.
· SSBs for inter-IAB discovery/measurements need to be TDMed with SSBs for initial access with 20ms periodicity.
· SSBs for inter-IAB discovery/measurement can be FDMed with SSBs for access UEs at less than 20ms (e.g. 5ms, 10ms) periodicity
· Access UEs need to be properly configured with measurement SSB resources to avoid measuring on the SSBs that could be muted.   
Proposal 1: For SSB resources for inter-IAB discover/measurement: 
· SSBs for inter-IAB discovery/measurement can be TDMed with SSBs for access UEs across half frames. 

· There are three SSB candidate locations within the 20ms periodicity window for inter-IAB discovery/measurements.

· Increasing the SSB periodicity for inter-IAB discovery/measurement to increase the number of SSB candidate locations for inter-IAB discovery/measurements. 
· If the SSB periodicity for inter-IAB is 20*x ms, the number of candidate locations for inter-IAB discovery/measurements will be 3*x.
· SSBs for inter-IAB discovery/measurements need to be TDMed with SSBs for initial access with 20ms periodicity.
· SSBs for inter-IAB discovery/measurement can be FDMed with SSBs for access UEs at less than 20ms (e.g. 5ms, 10ms) periodicity

· Access UEs need to be properly configured with measurement SSB resources to avoid measuring on the SSBs that could be muted.   
3   Allocating SSB resources among IAB nodes for inter-IAB discovery/measurement
For IAB nodes that do not need to discover each other, the IAB nodes can be assigned with SSB resources that are overlapping in time. 

For IAB nodes that need to discovery each other, it is preferred to assigned time-orthogonal SSB resources among the IAB nodes. If the IAB nodes need to be allocated with time-overlapping SSB resources for discovery, the IAB nodes need to be coordinated with muting pattern to allow mutual discovery. Each IAB node need to be informed on the muting pattern by F1-AP signalling and/or RRC signalling. 

Proposal 2: For IAB nodes that need to discovery each other, it is preferred to assigned time-orthogonal SSB resources among the IAB nodes. 
· If the IAB nodes need to be allocated with time-overlapping SSB resources for discovery, the IAB nodes need to be coordinated with muting patterns to allow mutual discovery. 
· Each IAB node need to be informed on the muting pattern by F1-AP signalling and/or RRC signalling.

4   Conclusion

In this contribution, we discussed SSBs for inter-IAB-node discovery and measurements. It is summarized by the following and proposals. 
Proposal 1: For SSB resources for inter-IAB discover/measurement: 
· SSBs for inter-IAB discovery/measurement can be TDMed with SSBs for access UEs across half frames. 

· There are three SSB candidate locations within the 20ms periodicity window for inter-IAB discovery/measurements.

· Increasing the SSB periodicity for inter-IAB discovery/measurement to increase the number of SSB candidate locations for inter-IAB discovery/measurements. 
· If the SSB periodicity for inter-IAB is 20*x ms, the number of candidate locations for inter-IAB discovery/measurements will be 3*x.
· SSBs for inter-IAB discovery/measurements need to be TDMed with SSBs for initial access with 20ms periodicity.
· SSBs for inter-IAB discovery/measurement can be FDMed with SSBs for access UEs at less than 20ms (e.g. 5ms, 10ms) periodicity

· Access UEs need to be properly configured with measurement SSB resources to avoid measuring on the SSBs that could be muted.   
Proposal 2: For IAB nodes that need to discovery each other, it is preferred to assigned time-orthogonal SSB resources among the IAB nodes. 
· If the IAB nodes need to be allocated with time-overlapping SSB resources for discovery, the IAB nodes need to be coordinated with muting pattern to allow mutual discovery. 
· Each IAB node need to be informed on the muting pattern by F1-AP signalling and/or RRC signalling.
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