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Introduction
RAN1 #94bis and #96 made the following agreements on SSB for inter-IAB-node discovery and measurements: 
Agreements-1 (RAN1 #96)
· 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
Agreements-2 (RAN1 #94bis):
An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2
In this contribution, we discuss on SSB transmission/reception configuration information for inter-IAB node discovery and measurement, including maximum number of SMTC windows, SSB transmission configurations (STC) and collision solution rule between SMTC and STC.
SMTC
Due to the half duplex constraint, to assure IAB nodes can discover each other, their SSB Tx/Rx windows are better to be orthogonal in the time domain. If the number of SMTC windows are too larger, it may require IAB node MT maintain and measure too many SMTC windows, which increases the complexity of measurement because each SMTC window has its own independent configuration. On the other hand, less SMTC windows require the SSB Tx intended for measuring IAB node fall into as few SMTC windows as possible, which may result in a very longer SMTC window duration and then affect flexibility of SSB Tx/Rx configuration and limit data Tx/Rx scheduling for an IAB node.
Therefore, it is reasonable that the maximum number of SMTC windows for an IAB node per frequency can be greater than 3 in order to allow a larger potential for network implementation.
Proposal 1: The maximum number of SMTC windows that can be configured for an IAB node per frequency, referred as max(NRX ), can be greater than 3.
· Leave the decision of exact max(NRX ) to RAN2. 
STC
In order to reduce standardization efforts, SSB transmission for IAB nodes can use a configuration approach similar to R15 SSB-based measurement timing configuration (SMTC) for UEs.
For SSB transmission, because one IAB node may need to transmit SSB for initial access by UE and child nodes, and may also need to transmit stage-2 SSB for the discovery and measurements by other IAB nodes, it is reasonable to allow configuring one or multiple SSB transmission windows, and each SSB transmission window is configured with its own parameters, such as window periodicity and window offset, where window offset is used to indicate the starting position of the SSB Tx within the window periodicity, and the granularity of the window offset needs further study, e.g. the granularity per slot, subframe or half frame. 
Therefore, SSB transmission configuration information should provide SSB mapping pattern for IAB mode as following: 
Proposal 2: The SSB transmission configuration information includes one or multiple SSB transmission windows. Each SSB transmission window is configured with at least following
· frequency of the SSB，
· window periodicity, 
· window offset, which is used to indicate the starting position of the SSB Tx within the window periodicity.  FFS on granularity of the window offset (e.g., per slot, subframe, half frame, etc).
Collision between SMTC and STC
For an IAB node, a SMTC window on parent backhaul link may overlap with STC on child link. 
For the case where SSB-Tx is for UE cell search and measurement, according to RAN1 agreement, the IAB node should not mute this SSB transmission when doing inter-IAB cell search in stage 2 in order to maintain UE’s backward compatibility. In other words, the SSB-Tx takes priority in this case. 
Proposal 3: When a SSB-Tx occasion on UE access link and a SSB-Rx occasion on backhaul parent link overlap in time, SSB-Tx occasion on access link takes higher priority.
For the case where SSB-Tx is for other IAB’s stage-2 measurement but not for UE to receive, we think RAN1 should firstly decide whether to include SSB-Tx muting pattern in STC configuration or to incorporate SSB-Tx muting handling at least in the SSB-Tx/Rx collision rule. 
· If the SSB muting pattern is included in the STC configuration, and the SSB-Tx overlapping with SSB-Rx does not belong to the SSB muting pattern, it means the network does not intend to mute this SSB-Tx and then SSB-Tx should take higher priority than SSB-Rx. 
· If the SSB muting pattern is included in the STC configuration, and the SSB-Tx overlapping with SSB-Rx belongs to the SSB muting pattern, it means the network already intends to mute this SSB-Tx and therefore the IAB node does not need to go through the SSB-Tx/Rx collision test. It is network’s responsibility to inform the muting pattern to other IAB nodes intending to measure this SSB. 
· If SSB-Tx muting is handled at least in SSB-Tx/Rx collision rule, the muting of this SSB Tx may still cause other IAB to measure an expected but indeed non-existing SSB, which would result in unpredictable performance degradation. This issue can be avoided if SSB-Tx belongs to a muting pattern that is informed to the measuring IAB node. 
Proposal 4: For the SSB-Tx intended for IAB node measurement but not for UE to receive, RAN1 to decide whether to include SSB-Tx muting pattern in STC configuration or to incorporate SSB-Tx muting handling at least in the SSB-Tx/Rx collision rule. 
As long as SSB-Tx can take higher priority than SSB-Rx, there could be a risk that SSB-Rx may never get chance to be received. This risk can happen because both SSB-Tx and SSB-Rx are configured in a periodic way and the collision between the two, if any, is also periodic. Then if SSB-Rx has larger periodicity than SSB-Tx and overlaps with SSB-Tx in time, SSB-Rx could be always at lower priority. This is certainly not desirable.  
Proposal 5: Subject to the SSB Tx/Rx collision rule, the SSB Tx/Rx configurations (including applicable muting pattern) resulting in no SSB-Rx opportunity for an IAB node is regarded as incorrect network configuration.
Conclusions
This paper concludes that:
Proposal 1: The maximum number of SMTC windows that can be configured for an IAB node per frequency, referred as max(NRX ), can be greater than 3.
· Leave the decision of exact max(NRX ) to RAN2. 
Proposal 2: The SSB transmission configuration information includes one or multiple SSB transmission windows. Each SSB transmission window is configured with at least following
· frequency of the SSB，
· window periodicity, 
· window offset, which is used to indicate the starting position of the SSB Tx within the window periodicity.  FFS on granularity of the window offset (e.g., per slot, subframe, half frame, etc).
Proposal 3: When a SSB-Tx occasion on UE access link and a SSB-Rx occasion on backhaul parent link overlap in time, SSB-Tx occasion on access link takes higher priority.
Proposal 4: For the SSB-Tx intended for IAB node measurement but not for UE to receive, RAN1 to decide whether to include SSB-Tx muting pattern in STC configuration or to incorporate SSB-Tx muting handling at least in the SSB-Tx/Rx collision rule. 
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