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1. Introduction
At the RAN1#96bis meeting, the extensions of SSBs for inter-IAB-node discovery and measurements were discussed and following agreements were made [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 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) for IAB-node
Necessary information of the SSB transmission configuration (STC) for inter-IAB-node discovery was agreed in RAN1#96bis meeting [1]. As captured in [1], the same value of the cell-defining SSBs can be reused for some of the parameters in order to reduce signaling overhead. On the other hands, RAN2 requested to RAN1 and RAN4 to avoid defining default values for RRC parameters since it is not always simple to define how to apply the default values in an unambiguous way upon absence of a field [2]. Considering the use case scenario of IAB-node that is installed stationary, the STC may not be changed frequently. Therefore, all information of the STC for inter-IAB-node discovery and measurements should be provided to IAB-node explicitly.

Proposal 1: All information of the STC for inter-IAB-node discovery and measurements should be provided to IAB-node explicitly.

For the RAN3 discussion, configurable values for the agreed SSB transmission configuration should be clarified. In Rel-15, SSB transmission configuration of serving cell is indicated to UE by using several information elements (IEs), such as ssb-periodicityServingCell, ssb-PositionsInBurst and absoluteFrequencySSB [3]. We believe it is beneficial to reuse the properties and signaling in order to minimize specification / implementation impacts. Therefore we propose to specify the configurable values based on Rel-15 specifications.

Proposal 2: Clarify the configurable values of the agreed SSB transmission configuration for inter-IAB-node measurement as follows.
· SSB center frequency: ARFCN-ValueNR 
· SSB subcarrier spacing: 15 kHz, 30 kHz (FR1), 120 kHz, 240 kHz (FR2)
· SSB transmission periodicity: 5, 10, 20, 40, 80, 160, 320, 640 (subframes) (as agreed in RAN1#96bis)
· SSB transmission timing offset in half frame(s): from 0 to (number of half frames within SSB transmission periodicity) – 1
· The index of SSBs to transmit : 8 bits bitmap (FR1), 64 bits bitmap (FR2)
· No more STC configuration information is necessary


2.2	Maximum number of SSB transmission configuration (STC)
In order to decide the maximum number of STC, the number of mutual discovery / measurement IAB nodes is analyzed. When NRX (number of configured SMTC) and NTX (number of configured STC) are configured per IAB node, the maximum number of mutual discovery / measurement IAB nodes is , as listed in Table 1. Considering the agreement of the maximum number of SMTC with 4, 4 for the maximum number of STC may be decent number for supporting up to 70 mutual discovery / measurement IAB nodes.

On the other hands, the large number of STCs also increases the number of IAB nodes that transmit SSB simultaneously. The number of IAB nodes is , as listed in Table 2. Based on the two tables, more than half of the IAB nodes transmit SSB simultaneously if the number of STCs is equal to or more than the number of SMTCs. Therefore, IAB nodes might discover / measure SSBs with poor SINR due to the interference among SSBs, when large number of STCs, such as more than 4, is configured for IAB nodes.

Table 1:  Number of mutual discovery/measurement IAB nodes
	
	Number of STC (NTx)

	
	1
	2
	3
	4

	Number of SMTC (NRx)
	1
	2
	3
	4
	5

	
	2
	3
	6
	10
	15

	
	3
	4
	10
	20
	35

	
	4
	5
	15
	35
	70



Table 2:  Number of IAB nodes that transmit SSB simultaneously
	
	Number of STC (NTx)

	
	1
	2
	3
	4

	Number of SMTC (NRx)
	1
	1
	2
	3
	4

	
	2
	1
	3
	6
	10

	
	3
	1
	4
	10
	20

	
	4
	1
	5
	15
	35



Proposal 3: Configuration of up to 4 STCs is supported per IAB node for inter-IAB-node measurement.

2.3	Details on SMTC configuration for IAB-node
At the last RAN1 meeting, the maximum number of SMTC configurations was agreed with 4 [1], and details on each SMTC configuration are still open for the discussion. Figure 1 shows example configurations of SSB transmission/measurement across IAB nodes based on the agreed framework of STC and multiple SMTCs.

As shown in Figure 1, 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 [3]. Therefore, we propose to extend configurable parameters for each SMTC configuration 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.
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Figure 1: Examples of SSB transmission configurations based on multiple STCs/SMTCs

Proposal 4: Each SMTC configuration for an IAB-node MT contains following information.
· SMTC window periodicity: 5, 10, 20, 40, 80, 160, 320, 640 (subframes)
· SMTC window timing offset: from 0 to (number of subframes within SMTC window periodicity) – 1 (subframes)
· SMTC window duration: from 1 to 5 (subframes)
· SSB indices to be measured: SSB-ToMeasure
· List of physical cell IDs to be measured

2.4	Configuration and collision rule between STC and SMTC
In order to analyse the configuration and collision rule between STC and SMTC, an example of 4 major cases with configuring different number of STCs and SMTCs for 3 IAB nodes is described in Table 3.  Brief introduction of STC and SMTC configurations and concerns for each cases are listed as follows.

· Case 1: 1 STC and 2 SMTCs are configured for each IAB node.
· Case 2: 1 STC and 1 SMTC with short periodicity are configured for each IAB node with applying collision rule of overwriting SMTC by STC.
· STC / SMTC interval needs to be constant (i.e., less flexibility)
· Target IAB node(s) to be measured by the SMTC configuration changes in every measurement window occasions, and since it is not aligned with Rel-15 SMTC principle, RAN4 measurement requirements (i.e., based on SMTC window periodicity) cannot be applied 
· Case 3: 2 STCs and 1 SMTC are configured for each IAB node.
· Compared with Case 1, IAB node discovers/measures SSBs with poor SINR due to larger number of SSBs simultaneously transmitted.
· Case 4: 1 STC with short periodicity and 1 SMTC are configured for each IAB node with applying collision rule of overwriting STC by SMTC.
· STC / SMTC interval needs to be constant (i.e., less flexibility)
· Compared with Case 1, IAB node discovers/measures SSBs with poor SINR due to larger number of SSBs simultaneously transmitted.

Based on the above list, we conclude following observation and proposal.

Table 3:  Example of 4 major cases with configuring different number of STCs and SMTCs for 3 IAB nodes.
	
	Case 1
	Case 2
	Case 3
	Case 4
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	Number of STC
	1
	1
	2
	1 (short periodicity)

	Number of SMTC
	2
	1 (short periodicity)
	1
	1

	Collision rule
	-
	overwrite SMTC by STC
	-
	overwrite STC by SMTC

	STC/SMTC interval
	Flexible
	Constant
	Flexible
	Constant

	Number of SSBs simultaneously transmitted
	1
	1
	2
	2

	Measured IAB nodes at each occasion for a SMTC
	Identical
	Change
	Identical
	Identical



Observation 1: Configuring single STC or single SMTC with short periodicity with applying collision rule between STC and SMTC is not decent configuration, in terms of less flexibility on STC/SMTC window timing, incompliance with Rel-15 SMTC principle and RAN4 requirements, and/or poor SINR for inter-IAB node measurements, although it can provide a little bit signal overhead reduction.

Proposal 5: Collision between STC and SMTC should be avoided by configuration.

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 observation and proposals.

Proposal 1: All information of the STC for inter-IAB-node discovery and measurements should be provided to IAB-node explicitly.

Proposal 2: Clarify the configurable values of the agreed SSB transmission configuration for inter-IAB-node measurement as follows.
· SSB center frequency: ARFCN-ValueNR 
· SSB subcarrier spacing: 15 kHz, 30 kHz (FR1), 120 kHz, 240 kHz (FR2)
· SSB transmission periodicity: 5, 10, 20, 40, 80, 160, 320, 640 (subframes) (as agreed in RAN1#96bis)
· SSB transmission timing offset in half frame(s): from 0 to (number of half frames within SSB transmission periodicity) – 1
· The index of SSBs to transmit : 8 bits bitmap (FR1), 64 bits bitmap (FR2)
· No more STC configuration information is necessary

Proposal 3: Configuration of up to 4 STCs is supported per IAB node for inter-IAB-node measurement.

Proposal 4: Each SMTC configuration for an IAB-node MT contains following information.
· SMTC window periodicity: 5, 10, 20, 40, 80, 160, 320, 640 (subframes)
· SMTC window timing offset: from 0 to (number of subframes within SMTC window periodicity) – 1 (subframes)
· SMTC window duration: from 1 to 5 (subframes)
· SSB indices to be measured: SSB-ToMeasure
· List of physical cell IDs to be measured

Observation 1: Configuring single STC or single SMTC with short periodicity with applying collision rule between STC and SMTC is not decent configuration, in terms of less flexibility on STC/SMTC window timing, incompliance with Rel-15 SMTC principle and RAN4 requirements, and/or poor SINR for inter-IAB node measurements, although it can provide a little bit signal overhead reduction.

Proposal 5: Collision between STC and SMTC should be avoided by configuration.
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