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In RAN1 #96, the following agreements on SSB-based discovery and measurement were achieved [1].
	Agreements:
· 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 this contribution, we discuss the remaining details for IAB node discovery and measurement.
[bookmark: _Ref129681832]Discussion
It was agreed that the SSBs for IAB inter-node discovery and measurements are defined based on a Rel-15 SMTC framework. Essentially the SSB transmission configurations and SSB measurement configurations are provided for IAB-node DU and IAB-node MT respectively. Therefore, it is straightforward to adopt F1-AP signaling for SSB TX configuration, and RRC signaling for SSB RX configuration. In addition, a muting rule should be defined in case one instance of SSB transmission configuration is overlapped with another instance of SSB RX configuration.
SSB transmission configuration
For SSB transmission configuration, at least the following information should be provided: the frequency of SSBs, the set of SSBs to transmit, the SCS, periodicity and offset of SSBs. At least one set of SSBs should be configured and the necessity of multiple sets of SSBs should be discussed. The detailed signaling design can be based on the existing schemes, i.e. SSB transmission configurations for access UEs, which can be discussed in RAN3. 
We first assume that each IAB node is configured with only one set of SSBs. In addition, they have the same periodicity and overlapped with each other in time among IAB nodes. This is a simple but effective way to enable the mutual discovery and measurement. As shown in Figure 1(A), by assuming a SSB periodicity of , each IAB node can be configured with a single SMTC with a periodicity of  and an offset of  (k=0, …, K-1) respectively. The mutual discovery and measurement of K IAB nodes can be enabled at K SSB TX/RX occasions. Since the index of SFN is in the range of 0 to 1023, the periodicities of SSB TX set and SMTC should be  ms, where n is a non-negative integer number. Therefore, K can only be a power of 2, e.g. 2, 4, and 8, which constraints the flexibility of the configurations.

Figure 1:  SSB transmission configuration: single set of SSBs vs. multiple sets of SSBs
The flexibility of configurations can be enhanced by providing multiple SSB TX sets to IAB node DU. As shown in Figure 1(B), each IAB is configured with K sets of SSBs and single SMTC. The set of SSBs are overlapped in time among IAB nodes but the each IAB node is configured with a different offset via SMTC. Therefore, mutual discovery and measurement of K IAB nodes can also be enabled at K SSB TX/RX occasions. In this situation, both the periodicity of the SSB TX sets and the periodicity of the SMTC can be , and thus K is not necessarily a power of 2. 
Therefore, we have the following proposal:
Proposal 1: For IAB node discovery and measurements, multiple sets of SSB transmission configurations can be configured and at least the following information should be provided for each set: periodicity, offset, SSB-to-transmit indexes, SCS, and central frequency.
SSB measurement configuration
For SSB measurement configuration, at least the following information should be provided: the frequency and SCS of SSB, the set of SSBs to be measured and the SSB measurement timing configurations (SMTC). These configurations can be contained within a measurement object defined for IAB node. It was agreed that the maximum number of SMTC windows that can be configured for an IAB node is at least 3 and each SMTC window has independent configurations, e.g. periodicity, offset, duration. One remaining issue is whether there is a need to allow a maximum number of SMTC windows that is greater than 3.
To identify the maximum number of SMTC windows, we provide some analysis on the number of IAB nodes that can be mutual discovered/measured in Table 1. It should be noted, with multiple SSB TX sets and SMTCs, various SSB TX/RX patterns can be generated, and we assume the patterns in Figure 2 to derive the number of IAB nodes can be mutual discovered/measured as shown in Table 1. In Figure 2, K SSB TX sets and NRX SMTCs are configured, and the periodicities of the SSB TX sets and SMTCs are  and , respectively, where NRX is a power of 2. As aforementioned, the SSB TX sets of IAB nodes have the same periodicity and offset. For SMTCs, the periodicity of SMTCs for different IAB nodes can be the same, while the offsets of the SMTCs can be different.


Figure 2: SSB TX/RX pattern (K=3) for IAB node discovery and measurement
It can be observed from Table 1, when K=3 or K=4, a large number of mutual discovery/measurement IAB nodes can be supported by 4 SMTC windows. In general, the number of mutual discovery/measurement IAB nodes is , which is essentially the total number of SSB Tx/Rx patterns.
Table 1. Number of IAB nodes that can be mutual discovered/measured
	Number of SMTCs (L)
	K=2
	K=3
	K=4

	1
	2
	3
	4

	2
	4
	9
	16

	4
	16
	81
	256


Therefore, we have the following proposal:
Proposal 2: For IAB node discovery and measurements, multiple sets of SSB measurement configurations can be configured and at least the following information should be provided for each set: the frequency and SCS of SSB, the set of SSBs to be measured and the SSB measurement timing configurations (SMTC).
· The maximum of number of SMTC windows configured for an IAB node is 4.
Collision resolution 
One remaining issue is 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. 
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, i.e. the donor can configure a single SSB transmission set for each IAB node. Besides, with the muting rule, the donor can change the measurement behavior for an IAB node by merely reconfiguring the SMTCs, but not both the SSB set transmission and reception.


Figure 3: SSB reception configuration for IAB node MT (muting rule 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.
To be specific, as is shown in Figure 4, the SSB set TX/RX patterns can be obtained by a single SMTC and multiple SSB set TX configurations. However, with a single SMTC, the cell IDs of target IAB nodes cannot be configured for each reception window independently, and thus the IAB node cannot know whether a target IAB node can be discovered/measured during a specific reception window. On the other hand, if multiple SMTCs are configured, the advantage of signaling overhead reduction for Alt. 2 is vanished.


Figure 4: SSB reception configuration for IAB node MT (muting rule Alt. 2)
According to the above analysis, the following proposal can be made:
Proposal 3: For inter IAB node discovery and measurements, the following muting rule should be specified: The SSB set TX should be muted if the SSB set TX and RX are overlapped.
Conclusions
In this contribution, we discuss the SSB-based measurement for IAB. Based on the discussion, we have the following proposals:
Proposal 1: For IAB node discovery and measurements, multiple sets of SSB transmission configurations can be configured and at least the following information should be provided for each set: periodicity, offset, SSB-to-transmit indexes, SCS, and central frequency.
Proposal 2: For IAB node discovery and measurements, multiple sets of SSB measurement configurations can be configured and at least the following information should be provided for each set: the frequency and SCS of SSB, the set of SSBs to be measured and the SSB measurement timing configurations (SMTC).
· The maximum of number of SMTC windows configured for an IAB node is 4.
Proposal 3: For inter IAB node discovery and measurements, the following muting rule should be specified: The SSB set TX should be muted if the SSB set TX and RX are overlapped.
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