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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#93, the agreements regarding discovery and measurement in an IAB network is as following:
Agreements:
· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 
· The following solutions can be further considered:
· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions
Agreements:
· IAB supports SSB and CSI-RS based RRM measurements. The following features can be considered:
· Mechanisms for coordination of RS transmission and measurement occasions for IAB nodes 
· Enhancements of SMTC and CSI-RS configurations for IAB 
· An IAB-node supports mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms.
· Study enhancements to RLM RS and associated procedures for IAB

In this contribution, we focus on the reference signal for inter-IAB node discovery and measurement.
2 Discussion
2.1 SSB or CSI-RS for inter-IAB node discovery and measurement? 
To support an IAB node automatically access to the network and serve its own UEs, there are several functions need to be supported by the link between two IAB nodes. The supported functions are: discovery including cell detection and coarse time/frequency synchronization, RRM measurement for mobility, beam management, radio link monitoring, CSI measurement. 
For IAB node discovery, SSB is designed for cell detection and coarse time/frequency synchronization. CSI-RS is also listed as a possible choice per last meeting agreement. Although the CSI-RS pattern can be configured to be similar like LTE CRS pattern, and in this case time/frequency synchronization can be achieved. However, the CSI-RS sequence is based on pseudo-random sequence, while SSB is based on ZC sequence of PSS and pseudo-random sequence of SSS. As a result, the cell detection performance of SSB can NOT be achieved by CSI-RS. Meanwhile, due to the interlaced CSI-RS pattern, it will consume large frequency domain resources, which is also not favorable from forward compatibility perspective.
Proposal 1: At least SSB is used as the RS for inter-IAB node discovery.
For RRM measurement, it has been agreed that both SSB and CSI-RS based measurement are supported. 
For beam management, both SSB and CSI-RS can be the spatial QCL source RS per NR R15 specification. An SSB index is associated with a relatively wide beam, and combination of all the SSB indices can cover all the spatial directions within a cell’s coverage.  A CSI-RS resource is associated with a relatively narrow beam. Considering the overhead consumption, combination of all CSI-RS resources can only cover a part of a cell’s coverage. Combination of both SSB and CSI-RS can provide a tradeoff between signaling overhead and beam management efficiency. As a result, it is desirable to use both SSB and CSI-RS for beam management of the link between two IAB nodes. 
Proposal 2: Both SSB and CSI-RS are used as the spatial QCL source RS for beam management between two IAB nodes.
For radio link monitoring, both SSB and CSI-RS can be configured as the RLM RS per NR R15 specification. SSB is transmitted with a relatively wide beam, so it can be monitored by a wide range of UEs, which makes the radio link monitoring behavior more robust. In this case, as long as the UE is in coverage of the cell, there is no PRACH transmission for RRC reestablishment. While if CSI-RS is used, more CSI-RS resources will be needed to provide a wide coverage, otherwise, out of sync will be reported by some UEs due to the limited coverage provided by CSI-RS, and PRACH transmission to reestablish RRC connection will happen frequently. As both SSB and CSI-RS are used in NR R15 specification, here we also prefer that both of them are both used for the inter-IAB node RLM.
Proposal 3: Both SSB and CSI-RS are used as the RLM RS for the link between two IAB nodes.
For CSI measurement, CSI-RS is utilized to get accurate channel state information per NR R15 specification. So it can be reused for the link between two IAB nodes.
2.2 How to multiplex SSB of different links? 
As can be seen from section 2.1, SSB is necessary for inter-IAB node measurement. Meanwhile, due to half-duplex constraint an IAB node can NOT receive and transmit SSB in the same time. So there should be some mechanisms for multiplexing SSB of different links. 
In NR R15 specification, a SSB set containing multiple SSB indices are restricted to a 5ms time window. Dedicated 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 multiplexing among different links, 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 link 1 and link 2 have the SSB periodicity of 40ms, and link 1 use offset 0, then the starting of the 5ms time window will be 0ms, 40ms, 80ms, etc. For link 2, the offset value is 20ms, then the starting of the 5ms time window will be 20ms, 60ms, 100ms, etc. 
Another mechanism is to introduce a muting pattern with a less periodicity. For example, both link 1 and link 2 utilize 20ms periodicity, and the original time domain position of 5ms time window is 0ms, 20ms, 40ms, 60ms, 80ms, 100ms, etc. Then a muting pattern is adopted for link 1, so that SSB transmission at 20ms, 60ms, 100ms are muted, then only SSB transmission at 0ms,40ms,80ms are kept. For link 2, another muting pattern is adopted, so the SSB transmission at 0ms, 40ms, 80ms are muted, then only SSB transmission at 20ms, 60ms, 100ms are kept. With different muting patterns for different links, SSB time domain multiplexing of different links can also be achieved. 
Both mechanisms can achieve the same SSB multiplexing pattern with suitable periodicity, offset and muting pattern configuration, so we propose to study both of these mechanisms, and down select one of them. 
Proposal 4: Study both TDM of SSBs and SSB muting mechanism for SSB multiplexing and down select one of them later. 
2.3 SSB coordination
Regarding how to determine the time domain offset of SSB or muting pattern of SSB for a specific link, it can be based on explicit signaling or determined implicitly.
For the explicit signaling, a parent IAB node inform the child IAB node on the offset or muting pattern to be used by the child IAB node. This can be seen as a centralized operation. For the implicit way, the child IAB node select an offset or muting pattern which can avoid time domain collision of its parent node’s SSB transmission. This can be regard as a distributed operation with less signaling overhead. We propose to study both the explicit and implicit SSB coordination mechanism at this stage.
Proposal 5: Study both explicit and implicit SSB coordination mechanisms.
3 Conclusion
In this contribution, we discussed the IAB node discovery and measurement related issues, and our proposals are as following:
Proposal 1: At least SSB is used as the RS for inter-IAB node discovery.
Proposal 2: Both SSB and CSI-RS are used as the spatial QCL source RS for beam management between two IAB nodes.
Proposal 3: Both SSB and CSI-RS are used as the RLM RS for the link between two IAB nodes.
Proposal 4: Study both TDM of SSBs and SSB muting mechanism for SSB multiplexing and down select one of them later. 
Proposal 5: Study both explicit and implicit SSB coordination mechanisms.
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