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RAN1#96-RAN1#97 made the following agreements for SSBs for inter-IAB-node discovery and measurements [1]-[3]. 
· All parameters in STC for inter-IAB-node discovery and measurement are provided explicitly, i.e. the default values for the parameters in STC will not be discussed further in RAN1.
· The configurable values of the parameters in STC for IAB node discovery and measurement are provided in the following
· SSB center frequency
· ARFCN-ValueNR
· SSB subcarrier spacing
· FR1: 15khz, 30khz
· FR2: 120khz, 240khz
· SSB transmission periodicity
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms (agreed in RAN1 #96bis) 
· SSB transmission timing offset in half frame(s)
· [0, … , (number of half frames within SSB transmission periodicity) – 1]
· The index of SSBs to transmit 
· Same as Rel-15
· FFS additional parameter(s) other than above
· For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4.
· Note: this number does not include the cell-defining SSBs for initial access
· Each STC is independently configured when multiple STCs are configured.
· Up to RAN3 to decide that if SSB index is common across two or more STC configurations, whether additional signaling optimization is necessary or not
· 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: 
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.
· Each SMTC window is provided its own independent configuration (e.g. periodicity, offset, duration). 
· The configurable values of the parameters in the SSB reception configurations including SMTC for IAB node discovery and measurement are provided in the following
· SMTC window periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms
· SMTC window timing offset: 
· [0, ..., (number of subframes within SMTC window periodicity) – 1]
· SMTC window duration: 
· [1, …, 5] (subframes)
· FFS larger than 5
· List of physical cell IDs to be measured
· [cell ID 0, …, cell ID M-1 ]
· FFS value of M
· SSB-ToMeasure
· Same as Rel-15
On collision resolution between STC and SMTC, RAN1#97 has made the following offline agreement [4]. 
· When STC and SMTC collides in time for an IAB node, the following alternatives are adopted (to be down-selected)
· Alt 1: SMTC is prioritized over STC, i.e. the SSBs is muted
· Alt 2: STC is prioritized over SMTC, i.e. the SSBs is transmitted 
· Alt 3: The one with longer periodicity is prioritized, i.e. the SSBs is either muted or transmitted depending on the periodicity of SMTC and STC
· Alt 4: The priority between SMTC and STC is configurable, i.e. the SSBs is either muted or transmitted depending on the configuration.
In this contribution, based on those discussion and agreements, we further elaborate those topics and present our views on SSBs for inter-IAB-node discovery and measurements.
STC/SMTC Collision Resolution  
When STC and SMTC collide in time for an IAB node, several alternatives can be considered (to be down-selected) [4]. To compare the alternatives, we look into measurement latency, impact on child MT and signaling overhead, etc.
In Alt 1, in case of STC/SMTC collision in time, an IAB DU will mute its SSB transmission for the co-located IAB MT’s SMTC measurement. Hence, the SMTC measurement at current IAB MT is not impacted and there is no measurement delay for this IAB MT. However, SSB muting at the IAB DU will affect its child MT’s SMTC measurement and cause longer measurement delay at its child nodes. In the meantime, new signaling needs to be introduced to inform the SSB muting pattern for child MT’s SMTC measurement. 
In Alt 2, in case of STC/SMTC collision in time, an IAB DU will continue its SSB transmission, while the co-located IAB MT will mute its SMTC measurement. Hence, there is no impact on the IAB DU’s child node’s SMTC measurement and no additional signaling overhead on child MT’s SMTC configuration. However, this alternative may cause longer measurement delay for the co-located IAB MT due to SMTC muting. To manage the measurement latency in Alt 2, one option is to configure shorter SMTC periodicity than the STC periodicity in an IAB node. But this will lead to even shorter periodicity on parent IAB DU’s STC periodicity, which could cause high resource overhead. 
In Alt 3, in case of STC/SMTC collision in time, an IAB node will compare the STC/SMTC periodicity for the co-located DU/MT and the one with longer periodicity is prioritized. Hence, coordination between the co-located IAB DU/MT is needed. From MT’s SMTC measurement perspective, shorter periodicity SMTC will be muted, while longer periodicity SMTC will not be muted. Hence, Alt 3 gives shorter SMTC measurement delay at the current IAB node compared with Alt 2 where SMTC measurements always get muted in case of collision. From DU’s SSB transmission perspective, shorter periodicity STC will be muted, while longer periodicity STC will continue to transmit. Hence, Alt 3 will still affect its child MT’s SMTC measurement in case of STC muting, which will cause longer child MT’s measurement latency and need additional SMTC configuration signaling regarding the SSB muting pattern. It is desirable to configure SMTC periodicity at child MT longer than STC periodicity at the IAB DU and the SMTC pattern at child MT orthogonal to the SMTC pattern at the IAB MT. If STC is muted at a DU, additional signalling is needed to inform its child MT on the child MT’s SMTC muting pattern. 
In Alt 4, the muting of SSB transmission or SMTC measurement will depend on the configuration. Alt 4 is the most flexible alternative at the expense of additional signaling overhead on muting pattern for both STC and SMTC configuration. Through central configuration, it also enables potentially shorter measurement delay. 
From the discussion, we can see that Alt 1, Alt 3, and Alt 4 will need additional signalling on STC and/or SMTC muting pattern. All the alternatives would cause measurement delay, either in current IAB node or in child IAB node. Alt 1 (always mute STC) gives worst child SMTC measurement delay if current IAB node has longer STC periodicity. Alt 2 (always mute SMTC) gives worst current IAB node SMTC measurement delay if current IAB node has longer SMTC periodicity. Considering latency and signaling overhead trade-off, Alt 3 and Alt 4 are more preferable. 
Proposal 1: On STC/SMTC collision resolution, support Alt 3 or Alt 4. 
STC Configuration  
For STC configuration, it has been agreed to independently configure each STC with all parameters in STC for inter-IAB-node discovery and measurement explicitly provided. Those STC parameters include SSB center frequency, SSB subcarrier spacing, SSB transmission periodicity, SSB transmission timing offset in half frame(s) and the index of SSBs to be transmitted in the half frame. It is FFS whether additional parameter(s) are needed. 
Based on our discussion on STC/SMTC collision handling in the previous section, if Alt 4 is supported, additional signaling regarding STC muting pattern is needed.  
Proposal 2: To support STC and SMTC collision handling, additional parameter on STC muting pattern could be needed.   
SMTC Configuration  
For SMTC configuration in Rel-15 specifications, for intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured, and maximum number of PCIs per SMTC is 64; for inter-frequency measurement, only single SMTC is configured per frequency carrier (up to 8 frequency carriers to be measured) and maximum number of PCIs per SMTC is 16.   
RAN1#96 has agreed that for IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4. These 4 SMTC windows are defined at one frequency location. RAN1#97 has further agreed SMTC parameters for IAB node discovery and measurement including SMTC window periodicity, timing offset, duration, list of PCIs and the bitmap of SSB blocks to be measured (SSB-ToMeasure). It is still not clear the maximum number of frequency carriers can be measured with SMTC configuration. We think it can be similar to Rel-15 specification that up to 8 inter-frequency carriers can be measured, where at each frequency carrier, up to 4 SMTC windows can be configured for IAB node discovery and measurement. 
Regarding the SMTC window duration, as the SSBs for inter-IAB node discovery and measurement are also confined in the 5ms half frame window and there are enough number of (at most 4) SMTC windows defined at one frequency location, we don’t see strong motivation to enhance the SMTC window duration larger than 5ms.    
Regarding the number of M (maximum number of PCIs listed to be measured for one SMTC window), considering current Rel-15 specification configurations and there are already up to 4 SMTC windows per frequency carrier, we think maximum number of PCIs per SMTC of M=16 is quite enough.  
On SMTC configuration parameters, based on our discussion on STC/SMTC collision handling in Section 3, if Alt 3 or Alt 4 are supported, additional signalling on SMTC muting pattern is needed.  
Proposal 3: Up to 8 inter-frequency carriers can be measured with SMTC configuration, where at each frequency carrier, up to 4 SMTC windows can be configured for IAB node discovery and measurement. 
Proposal 4: The SMTC window duration does not need to be extended beyond 5ms. 
Proposal 5: The maximum number of PCIs listed to be measured for one SMTC window is M=16. 
Proposal 6: To support STC and SMTC collision handling, additional SMTC parameter regarding measurement muting pattern could be needed. 
Conclusion
In this contribution, we discussed SSBs for inter-IAB-node discovery and measurements. It is summarized by the following and proposals. 
Proposal 1: On STC/SMTC collision resolution, support Alt 3 or Alt 4. 
Proposal 2: To support STC and SMTC collision handling, additional parameter on STC muting pattern could be needed.   
Proposal 3: Up to 8 inter-frequency carriers can be measured with SMTC configuration, where at each frequency carrier, up to 4 SMTC windows can be configured for IAB node discovery and measurement. 
Proposal 4: The SMTC window duration does not need to be extended beyond 5ms. 
Proposal 5: The maximum number of PCIs listed to be measured for one SMTC window is M=16. 
Proposal 6: To support STC and SMTC collision handling, additional SMTC parameter regarding measurement muting pattern could be needed. 
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