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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution is an update of R1-1810578.

In RAN1#94bis, the agreements related to inter-IAB node discovery and measurement are as following:
Agreements:
· Solution 1-B means SSB, that may get muted, for inter-IAB cell search and measurement in stage 2 is not on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted outside of the SMTC configured for access UEs
· [bookmark: _GoBack]Solution 1-A means SSB for inter-IAB cell search in stage 2 is on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted inside of the SMTC configured for access UEs

Agreements:
An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2
· For SA, means that SSBs transmitted on the currently defined sync raster follows the currently defined periodicity for initial access 
· Means that Solution 1-B implies SSB, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSB used for UE cell search and measurements

Agreements:
· Solution 1-A and Solution 1-B are both supported
· Enhancements for off-raster SSB, e.g. new periodicities and time-domain mapping can be considered 

Agreements:
· CSI-RS can be used for inter-IAB detection in synchronous network
· Extended CSI-RS periodicities can be considered. 

In this contribution, we focus on the issue related to inter-IAB node discovery and measurement.
2 Discussion
2.1 SSB pattern for different IAB nodes
Due to half-duplex constraint, an IAB node can’t receive and transmit SSB at the same time. So there should be some mechanisms to allocate different time domain resources for different IAB nodes to enable inter-IAB node discovery/measurement.
In NR R15 specification, a SSB set containing multiple SSB indices is restricted to a 5ms time window. Different slot/symbols are used for different SSB indices in the 5ms window, and it is predetermined in specification depending on the frequency range and SSB subcarrier spacing. SSB set is transmitted periodically. The possible periodicity can be 5ms, 10ms, 20ms, 40ms, 80ms, etc. Whether all or part of the SSB indices within a SSB set is actually transmitted is configurable by RRC signaling. Regarding the time domain position of the 5ms time window, it is decided by the gNB itself and indicated to its serving UEs by radio frame index. 
Regarding the SSB pattern for inter-IAB node discovery/measurement, different time domain positions of the 5ms time window can be used. This can be achieved by different offset values with the same periodicity. For example, both IAB node 1 and IAB node 2 have the SSB periodicity of 40ms, and IAB node 1 use offset 0, then the starting of the 5ms time window for SSB transmission will be 0ms, 40ms, 80ms, etc. For IAB node 2, the offset value is 20ms, then the starting of the 5ms time window for SSB transmission will be 20ms, 60ms, 100ms, etc. 
If the number of offsets supported by a specific periodicity is not enough, time domain randomization of SSB offsets can be considered. For example as shown in Fig 1 (the green block), if the average periodicity of a SSB set is 80ms, in the time window between 0 to 79ms, the SSB set is located at 0-4ms, and in the time window between 80ms and 159ms, the SSB set is located at 110ms-114ms. In this way, the time domain offsets of a SSB set among different periodicities are changed. After the time domain randomization of the time domain offset, the SSB set doesn’t occur periodically, however, the average of the periodicity or even the periodicity to determine the randomized change of the offset of the SSB set is still same as the SSB set periodicity before randomization.

Fig 1 Example of time domain randomization of time domain offset of SSB set
In another alternative, to support more measurement opportunities for inter-IAB node discovery/measurement, there can be multiple SSB transmissions for an IAB node within a periodicity, and the multiple SSB transmissions can change in time randomly. For example as shown in Fig 2, taking the yellow blocks as an example, IAB node 4 transmits at 0-4ms and 30-34ms in the time window between 0 to 79ms, and it transmits at 80-84ms and 90-94ms in the time window between 80ms to 159ms. The time domain offset in the first time window (0-79ms) is 0 and 30ms, and the time domain offset in the second time window (80-159ms) is 0 and 10ms. In this way, multiple SSB set transmissions of IAB node 4 in a periodicity creates more detection/measurement opportunities for other IAB nodes. Even if an IAB node (e.g. IAB node 1) can’t detect IAB node 4 in the first transmission, it may have chance to do detection and measurement in the second SSB set transmission of IAB node 4. Meanwhile, time domain randomization of the offsets of SSB set also create more opportunities for detection and measurement. Even the detection can’t be performed in the first periodicity, it can be fulfilled in the second periodicity. For example, IAB node 3 can’t detect the existence of IAB node 4 in the time window between 0 and 79ms, however, in the time window from 80ms to 159ms, it can detect IAB node 4 by the SSB set transmitted with time domain offset 10ms. The time domain randomization can be seen as a regrouping of the IAB nodes to provide detection/measurement opportunities for the IAB node within the same group in previous time window.

Fig 2 Example of time domain randomization of the multiple time domain offsets of a SSB set
Proposal 1: Study the multiple SSB set transmissions in a periodicity and the time domain randomization of SSB set offsets for inter-IAB node discovery/measurement.
2.2 SSB coordination
Regarding how to determine the time domain offset(s) of SSB for a specific link, it can be based on explicit signaling or determined implicitly. For the explicit signaling, a central unit inform the IAB nodes on the offset(s). For the implicit way, an IAB node calculates its time domain offset(s) by a formula with some parameters. We propose to study both the explicit and implicit SSB coordination mechanism.
Proposal 2 Study both explicit and implicit SSB coordination mechanisms.
In R15, there is only one SMTC for a UE. It determines the periodicity/offset/duration for SSB measurement. For inter-IAB node measurement, SMTC can also be configured to an IAB node for measurement of other IAB nodes’ SSBs. As there is TDM restrict of the IAB node, different IAB nodes may transmit at different time domain positions to enable inter-IAB measurement more efficiently. In this case, multiple SMTC configurations are necessary to measure all the possible IAB nodes. 
Proposal 3: Support multiple SMTC configurations for inter-IAB node measurement.
3 Conclusion
In this contribution, we discussed the IAB node discovery and measurement related issues, and our proposals are as following:
Proposal 1: Study the multiple SSB set transmissions in a periodicity and the time domain randomization of SSB set offsets for inter-IAB node discovery/measurement.
Proposal 2: Study both explicit and implicit SSB coordination mechanisms.
Proposal 3: Support multiple SMTC configurations for inter-IAB node measurement.
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