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1. Introduction
At the RAN1#96 meeting, the extensions of SSBs for inter-IAB-node discovery and measurements were discussed and following agreements were made [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 details on the extensions of SSBs for inter-IAB-node discovery and measurements, including details on STC and SMTC configured for an IAB node. 
2. Discussion on extensions of SSBs for inter-IAB-node discovery and measurements
2.1	Details on SSB transmission configuration (STC)
An IAB-node will transmit a set of SSBs at least for access UEs. In addition, if the IAB node supports functionalities to be a parent node, the IAB node may transmit another set of SSBs for inter-IAB-node discovery and measurements. Assuming a half-duplex constraint at neighbor IAB nodes, SSB transmission for access UEs and SSB transmission for inter-IAB-node discovery/measurement at an IAB node need to be TDMed, and SSB transmission for inter-IAB-node discovery/measurement across neighbor IAB nodes also needs to be TDMed as shown in Figure 1. SSB transmission for access UEs across neighbor IAB nodes would be aligned since those SSBs need to be confined within SMTC window configured for access UEs.
The SSB transmission configuration (STC) at least for a set of SSBs for access UEs should be based on Rel-15 SSB transmission properties and signaling. In Rel-15, SSB transmission configuration of serving cell is indicated to UE by using several IEs such as ssb-periodicityServingCell, ssb-PositionsInBurst and absoluteFrequencySSB [2]. SSB SCS and SSB timing i.e., half-frame in which SSB is transmitted, are also necessary as part of STC so that an IAB node can determine exact configuration of periodic SSB transmission.
For a set of SSBs for inter-IAB-node discovery/measurement, it is beneficial to reuse above properties and signaling in order to minimize specification/implementation impacts. In addition, as shown in Figure 1, a set of SSBs for access UEs and another set of SSBs for inter-IAB-node discovery/measurement would not be confined within a single periodic SSB transmission configuration at least in some case. SSB frequency location, SCS and actually transmitted SSB indices could be different between those of SSBs for access UE measurement and those of SSBs for inter-node measurement. Therefore, we propose that an IAB node can be configured with multiple STCs and each STC contains periodicity, half-frame offset, SSB indices to be transmitted, SSB SCS and SSB frequency location information individually. For IAB node which does not support functionalities to be a parent node, single STC is sufficient for SSB transmission for access UEs. For IAB node supporting functionalities to be a parent node, two STCs can be configured.
Proposal 1: An IAB-node DU is configured with at least one SSB transmission configuration for access UE’s measurement, and can be configured with another SSB transmission configuration for inter-IAB-node measurement.
· Each SSB transmission configuration contains following information.
· SSB frequency location
· SSB transmission periodicity
· In SSB transmission configuration for inter-IAB-node measurement, potentially candidate periodicity value(s) longer than 160ms may be included
· SSB transmission timing such as half-frame offset
· SSB indices to be transmitted
· SSB SCS
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Figure 1: Examples of SSB transmission timing configurations across IAB nodes

SSB transmission configuration would be determined at CU so that SSB transmission configuration of each IAB-node is well coordinated. If all IAB-node has to support every possible SSB transmission configuration, CU does not need to consider capabilities of each IAB-node regarding SSB transmission. Otherwise, CU needs to know capabilities of each IAB-node regarding SSB transmission to determine appropriate SSB transmission configuration and coordination. For example, maximum number of SSBs IAB node can transmit within a half frame may be dependent on IAB-node implementation, and hence capability reporting from IAB-node to CU on maximum number of SSBs IAB node can transmit within a half frame can be considered.
Proposal 2: An IAB node reports capability regarding the maximum number of SSB transmissions (i.e., maximum number of beams for SSB transmission).


2.2	Details on SMTC configuration for IAB-node
At the last RAN1 meeting, it was extensively discussed that Rel-15 SMTC principle is that target cells/SSBs to be measured in each occasion of periodic window are not changed. Therefore, it was agreed to enhance Rel-15 SMTC framework by increasing maximum number of SMTC windows that can be configured for an IAB-node to at least 3. Figure 2 shows example configurations of SSB transmission across IAB nodes based on the agreed framework of STC and multiple SMTCs.
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Figure 2: Examples of SSB transmission configurations based on multiple STCs/SMTCs

As shown in Figure 2, each SMTC window should be configured with its own periodicity, offset, duration and target cells/SSB indices to be measured since each SMTC window targets different set of neighbor nodes. In Rel-15, second SMTC window (SSB-MTC2) has only periodicity and list of physical cell IDs and other parameters are common to first SMTC window for a UE [2]. Therefore, we propose to extend configurable parameters for each SMTC window configured for an IAB-node. On the other hand, SSB frequency and SCS can be common for all SMTC windows for an IAB-node as in Rel-15.
Proposal 3: Each SMTC window configured for an IAB-node MT contains following information.
· SMTC window periodicity and offset
· Potentially candidate periodicity value(s) longer than 160ms may be included
· SMTC window duration
· [bookmark: _GoBack]SSB indices to be measured
· List of physical cell IDs to be measured

It is FFS whether max (NRX ) needs to be greater than 3. If the number is too large, overhead i.e., configuration signalling overhead and scheduling restriction due to SSB transmission/reception would increase and complexity for IAB-node MT to handle too many SMTCs would also increase. On the other hand, especially for FR2, dense IAB node deployment may be possible in order to improve the coverage e.g., in dense urban area where blocking probability is relatively high. In such case, allowing more than 3 SMTC windows would be beneficial. We propose to discuss further on the possibility of more than 3 SMTC windows for an IAB-node. 
Proposal 4: RAN1 should consider the possibility of more than 3 SMTC windows configured for an IAB-node.


3. Conclusion
In this contribution, we discussed on the extensions of SSBs for inter-IAB-node discovery and measurements. Based on the discussion, we made following proposals.
Proposal 1: An IAB-node DU is configured with at least one SSB transmission configuration for access UE’s measurement, and can be configured with another SSB transmission configuration for inter-IAB-node measurement.
· Each SSB transmission configuration contains following information.
· SSB frequency location
· SSB transmission periodicity
· In SSB transmission configuration for inter-IAB-node measurement, potentially candidate periodicity value(s) longer than 160ms may be included
· SSB transmission timing such as half-frame offset
· SSB indices to be transmitted
· SSB SCS
Proposal 2: An IAB node reports capability regarding the maximum number of SSB transmissions (i.e., maximum number of beams for SSB transmission).
Proposal 3: Each SMTC window configured for an IAB-node MT contains following information.
· SMTC window periodicity and offset
· Potentially candidate periodicity value(s) longer than 160ms may be included
· SMTC window duration
· SSB indices to be measured
· List of physical cell IDs to be measured
Proposal 4: RAN1 should consider the possibility of more than 3 SMTC windows configured for an IAB-node.
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