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Introduction
In RAN1#95, the following objectives of IAB work item were agreed [1].
· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations. 
· Specification of network coordination mechanisms for the configuration of above functionality based on IAB-nodes capabilities (e.g. to enable muting patterns to deal with half-duplex constraint).

In this contribution, the extension to Rel.15 to support SSB-based inter-IAB node discovery and measurement is discussed. 
[bookmark: _Ref534650608]SSB transmission for Inter-IAB node discovery and measurement
During the IAB SI, the following agreement on SSB-based inter-IAB node discovery and measurement was achieved [2]: 
SSB-based solutions (Solution 1-A and 1-B):
-	Solution 1-A) Reusing the same set of SSBs used for access UEs:
-	In this case, the SSBs for inter-IAB cell search in stage 2 are 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) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs:
-	In this case, the SSBs, that may get muted, for inter-IAB cell search and measurement in stage 2 are 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 its own SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2:
-	For SA, this means that SSBs transmitted on the currently defined sync raster follow the currently defined periodicity for initial access;
-	In case of Solution 1-B, this implies SSBs, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSBs used for UE cell search and measurements.

According to Rel. 15, the cell-defining (CD) SSBs on sync raster can be used for initial access and RRM measurement. In addition, there are also non-cell-defining (non-CD) SSBs which can be used for RRM measurement, and these SSBs are not associated to SIB1. 

After the IAB initial access (Stage-1), the DU part of the IAB node becomes active and a RRC connection to the parent node has been set-up. At Stage-2, the DU is configured to transmit a number of SSBs to UEs for cell search and measurement, and also IAB nodes (MT) for inter-node discovery and measurement. In parallel to SSB transmission by the DU, UEs and MTs are configured to search for and measure on SSB at specific time instance. In the IAB case, the DU and MT configuration should be coordinated to enable SSB measurements but the IAB while not violating half-duplex constraint.
Reusing SSBs used by UEs
According to [2], when the DU configure SSBs on a sync raster, it should reuse the Rel.15 SSB configuration, which means the SSBs targeted to UEs and IAB nodes should share the same SS burst which is confined to 5ms. A UE and an MT can be configured to measure on the same SSB. They can also exploit different beams to cover distinct areas. Figure 1 depicts an example of SS bursts from three nodes (IAB nodes or donor nodes), which are on the sync raster. In this example, the same SSBs can be measured by UEs and IAB nodes. 
[image: ]
Figure 1: An example of SSB bursts on sync raster. 
The SSBs can be measured by both UEs and IAB nodes.

Extended SSBs for IAB nodes
Limiting inter-IAB-node discovery and measurements to SSBs shared with UEs (solution 1-A) inherently leads to a limited sets of SSB that are non-overlapping in time.  In order to handle the resource limitation issue with the Rel.15 SSB configuration, it is also agreed in [2] that additional flexibility in SSB configuration can be introduced to off-raster SSBs.  The idea is to allocate additional time-domain positions on a channel raster where a DU can be configured to transmit SSBs for IAB node discovery and measurement. One option is to support DU transmission of (off-raster) SSB in any half frame and within multiple half frames.

Figure 2 provides an example of time domain locations of off-raster SSBs for IAB node discovery from three nodes (IAB nodes and/or donor nodes). In Figure 2, the dark green boxes represent Rel.15 SSBs on sync raster which are used for UE and IAB initial access and RRM measurement. The light green boxes represent the off-raster SSBs for IAB node discovery and they can extend to multiple half frames. 
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Figure 2: An example of multiple off-raster SS bursts for IAB node discovery. 

Figure 3 depicts three nodes which have non-overlapping time domain patterns of off-raster SSB locations, within multiple half radio frames.

[image: ]
Figure 3: An example of off-raster SSB time locations within multiple HRFs.
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As mentioned earlier, the DU and MT SSB configuration should be coordinated to enable SSB node discovery/measurement without violating half-duplex constraint.

An IAB node should be able to perform node discovery measurement across different IAB chains. As illustrated in Figure 4, Node-A1 and Node-A2 form an IAB chain, and Node-B1, Node-B2 and Node-B3 form another IAB chain. Node-B3 should be able to perform measurement on Node-B1 and Node-B2 from its own IAB chain, and as well as Node-A1 and Node-A2 from the neighboring IAB chain. The parent node can request the child node to perform measurement on certain IAB nodes, and it will provide the child node with system information such as where and when to measure. In case there is no specific measurement request from the parent node, the IAB node may also need to perform node detection in an autonomous way.  
[image: ]
Figure 4: An IAB node should be able to perform node discovery measurement across different IAB chains.
Observation 1	An IAB node should be able to perform node discovery/measurement across different IAB chains.

In Rel.15, a UE can at most be configured with 2 SS/PBCH Block Measurement Time Configuration (SMTC) windows per channel raster (ARFCN location). If IAB off-raster SSB discovery/measurement is SMTC-based, the following two SMTC configuration options can be introduced to support measuring SSBs over multiple half radio frames:
Option 1: longer window than the currently maximum duration of 5ms.
Option 2: multiple (>2) SMTC windows per channel raster, with the maximum measurement duration of 5ms. The windows would be independent in terms of offset and periodicity.

An illustration example of the two SMTC configuration options is given in Figure 5. In the example, Node-2 transmits SSBs in two HRFs with a periodicity of 40ms. Node-3 transmits SSBs in one HRF with a periodicity of 80ms. With the first approach, the MT-part of Node-1 can be configured with one SMTC window which has a duration of 25ms and a periodicity of 80ms. In the second approach, Node-1 is configured with 3 SMTC windows and all have a duration of 5ms. Two of the windows have the periodicity of 40ms and the third window has a periodicity of 80ms. The MT-part of Node-1 can assume that all relevant SSBs are within the union of the three SMTC windows.
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Figure 5: An example of SMTC configurations for IAB node discovery.
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Conclusion
Here there are two lists, one listing observations, and one listing proposals. Listing observations are not always needed, but listing proposals are always useful. To update a list, place the cursor inside the list and press F9. 

In Section 3, we made the following observations:
Observation 1	An IAB node should be able to perform node discovery/measurement across different IAB chains.

Based on the discussion in Section 2 and Section 3, we propose the following:
Proposal 1	A IAB-node DU can configured with off-sync-raster SSB transmission in any half frame and within multiple half frames.
[bookmark: _GoBack]Proposal 2	If IAB node discovery/measurement is SMTC-based, support the configuration of MT measurements 
· with larger SMTC duration than the currently maximum duration of 5ms.
· based on multiple (more than two) SMTC
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