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1   Introduction
RAN1#94 has agreed that 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

· CSI-RS based solutions (Solution 2)

RAN1#94bis has made the following agreements on this topic. 

· 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

· CSI-RS can be used for inter-IAB detection in synchronous network
· Extended CSI-RS periodicities can be considered
RAN1#95 has further made the following agreements.
· Details of signalling for IAB node initial access and Stage 2 inter-IAB node discovery and measurement, including SMTC/CSI-RS/RACH configurations and RMSI enhancements, as well as for coordination across IAB nodes are to be further considered in the WI stage. 

· 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
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   Off-Raster SSB Characteristics
The use of SSBs for inter-IAB node discovery and measurements which are orthogonal (TDM and/or FDM) with SSBs used for access UEs, can be fulfilled by transmitting SSBs for inter-IAB-node discovery and measurements not on the currently defined sync raster (in-raster), i.e., applying off-raster SSBs for inter-IAB-node discovery and measurements. In the following, we will discuss several aspects regarding off-raster SSB characteristics. 
For the simplicity of design and specification impact, the off-raster SSB can have the same structure (PBCH/PSS/SSS) as that of in-raster SSB. 
For an access UE at initial access, it assumes a default in-raster SSB periodicity of 20ms. Hence the off-raster SSBs, which may get muted, need to be TDMed with in-raster SSB with 20ms periodicity, so that muting of off-raster SSB will not affect UE initial access. For in-raster SSBs of less than 20ms periodicity (e.g., 5ms, 10ms), the off-raster SSBs can be overlapped in time with the in-raster SSBs, i.e. FDMed with the in-raster SSB of less than 20ms periodicity. 
Regarding the off-raster SSB transmission periodicity, as the channel between IAB nodes are more stable than the channel between an IAB node and a UE, due to that the locations of IAB nodes are relatively fixed and IAB nodes can have a higher number of antennas than UEs, off-raster SSB could have a larger periodicity as compared to in-raster SSBs, e.g., off-raster SSB periodicity can be {5, 10, 20, 40, 80, 160, 320}ms.  
Proposal 1: Off-raster SSB can have the following characteristics.
· Off-raster SSB has the same structure (PBCH/PSS/SSS) as in-raster SSB.

· Off-raster SSB needs to be TDMed with in-raster SSB of 20ms periodicity. 

· Off-raster SSB can be FDMed with in-raster SSBs of less than 20ms periodicity.

· The off-raster SSB periodicity can be extended, for example as {5,10,20,40,80,160,320}ms
3   Off-raster SSB related Configurations
For an IAB network with off-raster SSB transmission, some configurations need to be enhanced accordingly. 
Regarding SMTC, in NR Rel-15 specification, SMTC window of duration {1,2,3,4,5} ms with periodicity  {5,10,20,40,80,160}ms are supported. For an IAB network with off-raster SSB transmission, SMTC window with longer periodicity can be considered for RRM on off-raster SSBs, e.g., 200ms, 240ms, 320ms.   
Regarding CORESET0 configuration, in NR Rel-15 specification, a UE determines CORESET0 configuration from the four most significant bits of pdcch-ConfigSIB1 in PBCH as the index to configuration Tables 13-1 through Table 13-10 in TS38.213 [1].  Each configuration index gives an offset (in RBs) from the SSB to the CORESET0. For an IAB node that transmits two SSBs (in-raster and off-raster), and if the two SSBs share the same CORESET0, then two different index values need to be transmitted in the two PBCHs of in-raster SSB and off-raster SSB respectively.  However, for in-raster and off-raster SSBs that are FDMed, the current CORESET0 configuration table is not sufficient, i.e., for given in-rater SSB frequency location and CORESET0 frequency location we could not always find an offset value that can be used by the off-raster SSB. CORESET0 configuration need to be enhanced to support off-raster SSB. One approach is to add new entries in the CORESET0 configuration tables and use the two spare bits in PBCH to indicate the new entries that beyond the currently allowed 16 entries. 
Proposal 2: Consider to specify a longer SMTC periodicity for RRM on off-raster SSBs, i.e., 200ms, 240ms, and 320ms. 
Proposal 3: In-raster SSB and off-raster SSB can share a same CORESET0. 

Proposal 4: CORESET0 configuration need to be enhanced to support off-raster SSB and in-raster SSB sharing a same CORESET0. One approach is to add new entries in the CORESET0 configuration tables and use the two spare bits in PBCH to indicate the new entries that beyond the currently allowed 16 entries. 

4   Conclusion

In this contribution, we discussed SSBs for inter-IAB-node discovery and measurements. It is summarized by the following observations and proposals. 
Proposal 1: Off-raster SSB can have the following characteristics.

· Off-raster SSB has the same structure (PBCH/PSS/SSS) as in-raster SSB.

· Off-raster SSB needs to be TDMed with in-raster SSB of 20ms periodicity. 

· Off-raster SSB can be FDMed with in-raster SSBs of less than 20ms periodicity.

· The off-raster SSB periodicity can be extended, for example as {5,10,20,40,80,160,320}ms
Proposal 2: Consider to specify a longer SMTC periodicity for RRM on off-raster SSBs, i.e., 200ms, 240ms, and 320ms. 

Proposal 3: In-raster SSB and off-raster SSB can share a same CORESET0. 
Proposal 4: CORESET0 configuration need to be enhanced to support off-raster SSB. One approach is to add new entries in the CORESET0 configuration tables and use the two spare bits in PBCH to indicate the new entries that beyond the currently allowed 16 entries.

5   References

[1] 3GPP TS38.213, "NR; Physical layer procedures for control".
3

