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1 Introduction

In the last meeting, following agreements were made regarding on detection and measurement of IAB nodes for NR IAB [1].
	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 discuss on detection and measurement among IAB nodes.
2 Detection/measurement of IAB nodes
Based on the discovery discussion in the last meeting, the difference between 1-A and 1-B is whether SSBs are transmitted on sync raster or off-raster. To have no impact on Rel.15 legacy UE for initial access, 1-A transmits SSB as designed in Rel.15 without muting. Therefore, it is not easy to handle half duplex problem among IAB nodes by using 1-A at least in case of multi-hop IAB scenarios. For 1-A, following methods can be considered for discovery:
· SSB transmission with different offset

· Limited to support legacy UE mobility

· SSB transmission with different periodicity (e.g. multiple of # of hops)

· Infrequent SSB transmission on IAB node with large hop numbers

Observation 1: For 1-A discovery, different offset/periodicity can be used among IAB SSB transmissions to solve half-duplex problem with some limitations.
On the other hand, by 1-B, transmission/muting pattern can be considered to handle half duplex problem. For that, TDM is necessary among IAB SSBs. Since TDM with each IAB is inefficient when there are a large number of IAB nodes, grouping of IAB nodes can be considered for scalable IAB discovery mechanism. SSB transmissions are TDMed among each group. Grouping methods can be considered as follows:
· Hop based grouping: Different transmission or muting pattern can be applied based on the number of hops. For example, even hop and odd hop can have different transmission or muting pattern. Then, an IAB node can discover IAB nodes with different hops. Especially, IAB nodes with same hop as parent node can be detected. That would be the most useful case in route selection. However, the disadvantage is not to discover IAB nodes with same hop.
· Geographical grouping: Different transmission or muting pattern can be applied between neighboring nodes in the same geographical region. For example, even hop and odd hop has different transmission or muting pattern. And, two groups within IAB nodes with same hops are geographically mapped by turns, as shown in fig. 1. Assuming it is not necessary to see up to a great distance, four grouping can be sufficient. Grouping can be predetermined by IAB location.
· Network indicating grouping: Network determines grouping based on measurements from Stage-1 or by testing at installation, and signals it to each IAB. It is the most flexible way with more signaling overhead.
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Fig. 1. Geographical grouping
Proposal 1: To solve efficiently the half duplex problem for discovery, grouping to have different transmission/muting pattern is necessary among IAB nodes. Three ways can be studied; 

· Hop based grouping
· Geographical grouping
· Network indicating grouping

Each group can have different transmission or muting pattern. The following transmission or muting pattern can be considered:
· SSB with different offset or periodicity: can be considered for transmission pattern. For example, multiple of # of hops makes different periodicity by multiplying. Then, naturally, an IAB node can detect only IAB nodes with less # of hops. 

· SSB random transmission: can be considered for transmission pattern. If all IAB nodes have different random pattern, half duplex problem can be solved perfectly. It is necessary to share random pattern in order not to degrade the RRM performance. Without it, some RRM cannot be differentiated between transmission and muting. To release sharing condition, simple rule can be considered; M, N configured, and IAB nodes transmit freely N times out of M opportunities. Then, a parent node can discard the lowest N out of M RRM, and M-N RRM can be used as effective results.
· Network indicating SSB transmission/muting: Network configures muting and transmission of SSBs across candidate SSB occasions where the IAB node transmits only in the indicated transmission resources. In the resources indicated as muting, it can perform measurements. 

Proposal 2: For transmission or muting pattern for discovery, three ways can be studied; 

· SSB with different offset or periodicity
· SSB random transmission
· Network indicating SSB transmission/muting

Different transmission or muting pattern can generate non-periodic measurement timing. If reusing SMTC for discovery, multiple SMTC configuration with a period would be needed. To avoid it, IAB nodes can interpret measurement timing as a just discovery opportunity. And, when transmitting timing and discovery opportunity is overlapped, just transmit it, and measure SSBs on the other discovery opportunity. Related to different transmission or muting pattern, the following application can be possible:
· For SSB with different offset or periodicity: IAB nodes interpret measurement timing as a just discovery opportunity, and when transmitting timing and discovery opportunity is overlapped, just transmit it, and measure SSBs on the other discovery opportunity. For example, SMTC configures 20ms periodicity and 0 offset. And, four groups of IAB nodes transmit SSB with 80ms with 0, 20, 40, 60ms offset. Then, each IAB node transmit SSB every one of four opportunities, and measure the other nodes every three of four opportunities. 
· For random or network indicating SSB transmission/muting: IAB nodes interpret measurement timing as a just discovery opportunity, and ‘0’ in bitmap means SSB transmission and ‘1’ in bitmap means SSB measurement. 
Proposal 3: Enhancements of SMTC configurations or muting/transmission pattern configuration is necessary to support SSB based discovery. 
Moreover, to minimize the overhead of discovery, aperiodic discovery triggered by a donor upon a certain set of conditions (e.g., a new IAB node joins) is also supported.
Proposal 4: For IAB node discovery, aperiodic discovery procedure is supported.
3 Conclusion 

In this contribution, we discussed on detection and measurement among IAB nodes. Based on discussion, we obtained following observation and proposals.
Observation 1: For 1-A discovery, different offset/periodicity can be used among IAB SSB transmissions to solve half-duplex problem with some limitations.
Proposal 1: To solve efficiently the half duplex problem for discovery, grouping to have different transmission/muting pattern is necessary among IAB nodes. Three ways can be studied; 

· Hop based grouping
· Geographical grouping
· Network indicating grouping.
Proposal 2: For transmission or muting pattern for discovery, three ways can be studied; 

· SSB with different offset or periodicity
· SSB random transmission
· Network indicating SSB transmission/muting
Proposal 3: Enhancements of SMTC configurations or muting/transmission pattern configuration is necessary to support SSB based discovery.
Proposal 4: For IAB node discovery, aperiodic discovery procedure is supported.
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