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In RAN1 #96bis, the following agreements on SSB-based discovery and measurement were achieved [1].
	Agreements:
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements
Agreements:
For IAB node discovery and measurements, at least the following information should be provided in STC
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit 
· The SSBs to be transmitted in the half frame
· FFS configuration information other than above
· FFS some of the parameters can have default values, e.g. reuse the same value of the cell-defining SSBs.
· Note: The detailed signaling design is up to RAN3.
Agreements:
For IAB node discovery and measurements, an IAB node DU can be configured with zero, one or multiple STCs.
· FFS the maximum number of STCs
· FFS the dependency of multiple STCs
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.


In this contribution, we discuss the remaining details for IAB node discovery and measurement.
[bookmark: _Ref129681832]Discussion
SSB transmission configuration
It was agreed in the last meeting that at least the following information should be provided in STC:
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit
· The SSBs to be transmitted in the half frame
It was proposed that some of the parameters may have default values, e.g. reuse the same value of the cell-defining SSBs. According to the previous agreement, the SSB for the IAB node discovery and SSB for the access UEs are TDMed and FDMed. Therefore, the center frequency, periodicity, and offset of STC should not use default values. On the other hand, the subcarrier spacing and beams for BH SSB and cell-defining SSB can be same, and thus the subcarrier spacing and the index of SSBs to transmit in STC can have default values if not configured.
Another remaining issue is the maximum number of STCs. In fact, with multiple SMTCs and proper muting rule, even a single STC can support a large number of IAB nodes to perform mutual measurement and discovery. For example, when the priority of SMTC is higher than STC,  different patterns can be obtained by single STC and K SMTCs, where the periodicity of SMTCs is N times of that of STC. As is shown in Figure 1, with one STC (80ms periodicity) and two SMTCs (640ms periodicity),  different patterns can be obtained.


Figure 1: 1 STC and 2 SMTCs configurations for multiple patterns
However, multiple STCs can be supported to increase the flexibility of configuration, and if multiple STCs are agreed to support, the maximum number can be 4.
Proposal 1: For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node is 4.
[bookmark: _GoBack]Proposal 2: For configurations within each STC, the subcarrier spacing and the index of SSBs to transmit in STC can use default value, i.e. reuse the same value of the cell-defining SSBs.
SSB measurement configuration
It was agreed that the maximum number of SMTC windows that can be configured for an IAB node is 4. However, the maximum periodicity of the SMTCs is not decided yet. To our understanding, the maximum periodicity of SMTC should at least be 640ms, which is same with the periodicity of STC.
Proposal 3: The maximum periodicity of SMTCs should at least be 640ms.
Collision resolution
This subsection discusses how to resolve potential collision between SMTC and STC. This can be done by defining a muting rule which provides the priority between SSB TX at DU and SSB RX at MT. In the last meeting, the following agreement about resource collision was achieved:
Agreements:
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfill its performance requirements in terms of measurement and transmission of cell specific signals / channels.
However, the agreement is not suitable for the collision between STC and SMTC. Specifically, without a predefined muting rule, the donor cannot coordinate the SSB patterns among multiple IAB nodes.
There are two alternatives for collision resolution between SMTC and STC:
Alt. 1: The DU will mute its SSB TX if it is overlapped with the SSB RX for MT.
With the muting rule, the signaling overhead of SSB transmission configuration can be reduced. For example, to achieve the SSB patterns in Figure 2, with the muting rule, as is shown in Figure 3, only one STC configuration and one SMTC configuration are needed for each IAB node. However, without the muting rule, three STC configurations are needed.


Figure 2: Example of 4 SSB patterns
As discussed in the last meeting, if the measurement requirement can be fulfilled, the IAB node MT may skip the measurement in an SMTC duration. If alternative 1 is adopted, in the colliding SSB occasions of an IAB node, the other IAB nodes shall not expect to measure this IAB node and this is under full control of the CU. Moreover, even if the IAB node MT does not perform measurement in this occasion, the IAB node DU does not need to transmit the SSBs. Because the resource for SSB transmission is hard resource, if the SSB transmission is muted and the SSB reception is skipped, the IAB node DU can use this resource for other purposes, e.g., data transmission.


Figure 3: SSB transmission and reception configuration for IAB node (Alt. 1)
Similarly, another alternative solution can be used to reduce the signaling overhead of SSB reception configuration:
Alt. 2: The MT will stop its SSB RX if it is overlapped with the SSB TX for DU.
With the muting rule, the signaling overhead of SMTC can be reduced. For example, to achieve SSB patterns in Figure 4, with the muting rule, as is shown in Figure 5, only one STC configuration and one SMTC configuration are needed for each IAB node. Without the muting rule, three SMTC configurations are needed.


Figure 4: Example of 4 SSB patterns
However, for the patterns in Figure 4, an IAB node MT need to measure different target IAB nodes in different SSB reception occasions. Therefore, the cell IDs of target IAB nodes should be different in different SSB reception occasion, and this cannot be achieved by single SMTC. In other words, to get the patterns in Figure 4, multiple SMTCs are necessary. If multiple SMTCs are configured, the advantage of signaling overhead reduction for Alt. 2 is gone.
[image: ]
Figure 5: SSB transmission and reception configuration for IAB node (Alt. 2)
According to the above analysis, we have the following observation:
Observation 1: If the priority of SMTC is higher than that of STC, signaling overhead of STC configuration can be reduced. However, if the priority of STC is higher than that of SMTC, signaling overhead reduction cannot be achieved.
Therefore, we have the following proposal:
Proposal 4: For IAB node discovery and measurements, the following muting rule is specified: The SSB set TX should be muted if the SSB set TX and RX are overlapped, and if the IAB node MT does not perform measurement in the overlapped occasion, the IAB node DU can use the resource for other purposes.
Conclusions
In this contribution, we discuss the SSB-based measurement for IAB. Based on the discussion, we have the following proposals:
Observation 1: If the priority of SMTC is higher than that of STC, signaling overhead of STC configuration can be reduced. However, if the priority of STC is higher than that of SMTC, signaling overhead reduction cannot be achieved.
Proposal 1: For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node is 4.
Proposal 2: For configurations within each STC, the subcarrier spacing and the index of SSBs to transmit in STC can use default value, i.e. reuse the same value of the cell-defining SSBs.
Proposal 3: The maximum periodicity of SMTCs should at least be 640ms.
Proposal 4: For IAB node discovery and measurements, the following muting rule is specified: The SSB set TX should be muted if the SSB set TX and RX are overlapped, and if the IAB node MT does not perform measurement in the overlapped occasion, the IAB node DU can use the resource for other purposes.
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