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In the RAN WG1 ad-hoc meeting 1901 [1], it was agreed for IAB [2,3] inter-node measurements that  
· 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 

In RAN1#96 [4] it was agreed that  
· 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 the following we discuss the above FFS issues and make a note on SSB transmission in (UE) NSA frequency layer.
Discussion
Half-frame SSB sets 
In Rel-15, an SSB set is transmitted within a half-frame. It is not expected that the number of SSB-beams needed for IAB nodes would be larger than for normal nodes, and in this respect the existing system is enough. Spreading transmission of an SSB set over multiple half-frames would reduce the SSB overhead in a half-frame, which would be more important for IAB nodes than for regular nodes because more link directions (BH UL and DL) need to be supported with IAB nodes. However, IAB nodes need to transmit SSB sets within half-frames for access UEs more frequently than for IAB Stage 2 discovery and measurements. Therefore, the benefit of extending SSB set TX over multiple half-frames would be limited.
For other SCS than 120kHz (and 15kHz), the SSBs are transmitted only in the first half of a half-frame. A reason to change this for IAB specific SSBs would be to support 5 subframe periodicity for SSBs transmitted for access UEs by transmitting the IAB and access SSBs in different halves of a half-frame. This would mean defining additional SSB indexes in the second half of a half-frame to be used with Stage 2 discovery. On the other hand, on the SCS of 120kHz, presumably the most important for IAB, the 5 subframe periodicity of access UE SSBs is available only with SSB sets smaller than 32 SSBs. An optimization that is not available with the most important case does not look reasonable, and therefore we propose:     
Proposal 1: An SSB set for Stage 2 discovery is confined within a half-frame using Rel-15 SSB starting symbol configurations.  
SMTC windows
Rel. 15 specifies SMTC1 and 2 for a measurement object. For SMTC1 window, a periodicity from 5 to 160 subframes, an offset with subframe resolution, and a duration from 1 to 5 subframes are given, and only the periodicity of SMTC2 can be different from the parameters of SMTC1. The list SSB-ToMeasure may be given per measurement object for indicating indexes of the SSBs that might be detected. 
It has been agreed that each IAB SMTC window can be individually configured with a periodicity, offset and duration but the possible values of these parameters are open. 
New periodicity values of 320 and 640 subframes could be added for reduced SSB TX and RX overhead as long measurement periods are possible with stationary nodes. It was agreed that periodicity is given per SMTC, which seems necessary if different SSB transmission periodicities are configured for different nodes. The subframe resolution of offset could be maintained, as well as the possible durations from 1 to 5 subframes. Longer durations would not be compatible with our Proposal 1 without specifying different indexing of SSBs for TX and RX.
There should be SSB-ToMeasure listing per SMTC window. This would allow minimizing the resources spent for SSB measurement. As different nodes may transmit SSBs in different SMTC windows, the SSB indexes to measure could differ for different windows. For instance, nodes on even and odd hop-count could transmit SSBs with different indexes and window specific SSB-ToMeasure list would allow optimized reception in a situation that there are not even and odd hop-count nodes to discover from all SMTC windows.
The maximum number of SMTC windows is related to the wanted maximum number of nodes in a group for mutual discovery. If the total number of SMTC windows for a group of nodes is n, and each node is allocated n/2 windows for SSB reception while the node is transmitting SSB sets in each of the remaining n/2 windows, mutual discovery can be provided at least for nodes with half-duplex constraint. Value n=8, would give 70 TX-RX patterns which could be enough for easy re-use of the patterns whereas n=6, corresponding to 20 patterns, could be too small.
Our proposed SMTC parameters are:
Proposal 2: SMTC includes the following parameters individually for maximum NRX = 4 windows:
· Periodicity 5, 10, 20, 40, 80, 160, 320 or 640 subframes
· Offset with subframe resolution
· Duration 1,2, 3, 4, or 5 subframes
· SSB-ToMeasure bitmap with length reflecting the duration

For optimized resource use, an IAB node should not be mandated to use all the measurement opportunities according to SMTC but it should be up to implementation how the measurement opportunities are used for reaching required measurement performance. As an example, after SMTC configuration measurements could be intensive until scanning through all RX beams has been done once but, after the first measurement reporting, the more relaxed pace could be allowed by specifications. The unused measurement opportunities could be treated the same way as Flexible MT resources that are not assigned for parent BH link i.e. the resources would be implicitly available for DU if DU is configured with a soft resource. We propose to study this kind of optimization:
Proposal 3: Study how IAB node may use SMTC indicated resources for other purposes if reaching specified measurement performance allows that.                 
STC                   
[bookmark: _GoBack]SSB transmission configuration should reflect the SMTC window parameterization. NTX SSB sets may be configured to be transmitted with periodicity from 5 to 640 subframes and with offsets given with half-frame resolution. In addition, an SSB-ToTransmit set would indicate which SSB indexes within a half-frame would be in use. For simplicity and reduced signaling, the SSB-ToTransmit could be common for all SSB sets of a node i.e. the same SSB index is always used for transmitting SSB in a certain beam. However, if the number of SSB beams is so small that two or more SSB sets fits to a half-frame, a considerably larger number of TX-RX patterns can be provided (in certain number of half-frames) if different SSB sets of a node can correspond to different indexes (e.g., for one SSB set, transmission is on indexes 0-31 and, for another SSB set of the same node, transmission is on indexes 32-63). One way of providing such freedom is to signal the used SSB indexes per SSB set rather than having common indexes for all sets. In Figure 1 an example is given on the patterns when (1) each node transmits two SSB sets within four half-frames (that may be distributed over up to 640 subframes), (2) an SSB set fits to a quarter-frame, and (3) SSB indexes of the sets can be different. In this case, allowing transmission on different indexes in different half-frames increases the number of patterns from 12 to 28.                 
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The maximum number of TX-RX patterns with fixed NTX + NRX and when the SMTC window length corresponds to one SSB set is obtained if NTX = NRX. Therefore, it is logical if the maximum NTX and NRX are equal.    
Our proposal for STC is:
Proposal 4: STC configures transmission of maximum NTX = 4 SSB sets with a common periodicity of 5, 10, 20, 40, 80, 160, 320 or 640 subframes. For each set, an offset with half-frame resolution and SSB-ToTransmit bitmap, determining which SSB indexes are used for transmission, are signalled for DU. 
        
Conflicting resource allocations
It is not clear if there are situations where SMTC and STC of a node could be conflicting as both configurations are set by CU. However, if something is wanted to be specified for the conflicts (i.e. conflicts are not considered as errors without specified action), the priority should be given to STC. Skipping SSB transmissions would disturb measurements by other nodes that can only assume that SSBs are transmitted consistently with SMTC. For instance, for averaging a node would be assuming that SSBs are transmitted in every period of an SMTC window. On the other hand, if MT skips measurements because DU is configured for SSB transmissions, there is no unpredictable effect e.g. on averaging. 
Proposal 5: STC has higher priority if SMTC and STC are conflicting.           

Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer
In (UE) NSA frequency layer, SSBs are not needed for UE initial access, which means that SSBs on the synchronization raster can be transmitted with longer than 20 ms periodicity, and it was agreed [3] that for initial access IAB nodes may assume 16 frames periodicity. In this NSA case, the SSBs can be shared for Stage 1 and Stage 2 discovery if the Stage 2 periodicity is equal to or shorter than 16 frames so that every SSB TX repeats after 160ms. (Stage 2 periodicities 16, 8, 4, 2, 1 and ½ frames would do.)  
Observation 1: Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer is possible if the Stage 2 SSB periodicity is not larger than 16 frames.
For sharing, all the SSBs would be transmitted on the synchronization raster but, if periodicity larger than 160 ms is needed for Stage 2, separate SSBs must be transmitted for Stage 1 and 2 discovery: there would be SSBs for Stage 1 discovery on a frequency of the synchronization raster and off-raster SSBs for Stage 2 discovery. We propose that the sharing is allowed:
Proposal 6: In (UE) NSA frequency layer, if Stage 2 SSB periodicity is less than or equal to 16 frames, Stage 2 SSBs may be transmitted on a frequency of the synchronization raster so that they are used also for Stage 1. 
Conclusion
Our observations and proposals on SSB TX and RX for IAB inter-node measurements are:
Proposal 1: An SSB set for Stage 2 discovery is confined within a half-frame using Rel-15 SSB starting symbol configuration. 
Proposal 2: SMTC includes the following parameters individually for maximum NRX = 4 windows:
· Periodicity 5, 10, 20, 40, 80, 160, 320 or 640 subframes
· Offset with subframe resolution
· Duration 1,2, 3, 4, or 5 subframes
· SSB-ToMeasure bitmap with length reflecting the duration

Proposal 3: Study how IAB node may use SMTC indicated resources for other purposes if reaching specified measurement performance allows that.                 
Proposal 4: STC configures transmission of maximum NTX = 4 SSB sets with a common periodicity of 5, 10, 20, 40, 80, 160, 320 or 640 subframes. For each set, an offset with half-frame resolution and SSB-ToTransmit bitmap, determining which SSB indexes are used for transmission, are signalled for DU. 
Proposal 5: STC has higher priority if SMTC and STC are conflicting
Observation 1: Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer is possible if the Stage 2 SSB periodicity is not larger than 16 frames.
Proposal 6: In (UE) NSA frequency layer, if Stage 2 SSB periodicity is less than or equal to 16 frames, Stage 2 SSBs may be transmitted on a frequency of the synchronization raster so that they are used also for Stage 1. 
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