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[bookmark: _Hlk510705081]Introduction
During the study item phase of IAB, it was agreed [1] that Stage 2 discovery and measurements, taking place after node has accessed the network and has been activated for IAB operation, can be based on SSB (Solution 1) or CSI-RS (Solution 2) detection. The SSB-based solutions were divided further to categories 1-A as utilizing SSBs transmitted for UEs and 1-B as relying on IAB specific SSBs orthogonal to SSBs transmitted for UEs. 
Implementing Solution 1-A is a network configuration issue. As blanking of SSBs transmitted for UEs is not possible, mutual discovery in presence of half-duplex constraint is possible only by configuring time orthogonal SSB transmissions for nodes that might benefit each other’s discovery. 
Like Solution 1-A, Solution 2 can be realized with the existing signaling. IAB DUs are configured for CSI-RS transmission and IAB MTs for CSI-RS measurements.   
However, Solution 1-B obviously needs new specification and the corresponding objective of IAB WID [2] is  
Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 
For muting of SSBs in Solution 1-B it was agreed for [1] that 
· For a SA frequency layer, the SSBs for inter-IAB cell search in stage 2 are not on the currently defined sync raster.
· For a NSA frequency layer, the SSBs are transmitted outside of the SMTC configured for access UEs.
· An IAB node should not mute its own SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2.

As a node mutes SSBs to receive other node’s SSBs, SSBs that may be muted should not overlap in time with SSBs transmitted for UEs, which was also noted in [1]. (This note was needed mainly for SA as this is directly implied by the second bullet above for NSA). Furthermore, as a clarification it was noted that 
· On SA frequency layer SSBs transmitted on the currently defined sync raster follow the currently defined periodicity for initial access.

In the following we discuss aspects of Solution 1-B.
Discussion
Half-frame based SSB resource allocation 
Figure 1 shows a half-frame based SSB resource allocation scheme for Solution 1-B. Parameters that are common for all nodes would be used for determining half-frames that are in general used for IAB SSB transmission and reception, and node specific patterns would be used to determine which of the half-frames are used by the node for SSB transmission. The node specific patterns are discussed in the next section, and the common parameters would be offset, periodicity, and pattern length.
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Figure 1: Allocation of half-frames for UE SSB TX and IAB SSB TX or RX.
The system shown in Figure 1 could be the simplest approach and we propose:
Proposal 1: Resources for IAB specific SSB TX and RX are allocated on half-frame basis. There is half-frame offset and periodicity parameters indicating half-frames that may be used for SSB TX or RX. The offset and periodicity are common for all nodes, and node specific patterns determine which of the half-frames are used for node’s SSB TX.         
IAB SSB TX patterns
At least in principle, random, pseudorandom or more regular patterns could be considered for IAB SSB TX and RX. For random patterns, a node (or its parent node) decides randomly with probability pTX if the node uses a half-frame (configured for SSB TX or RX) for IAB SSB TX. Pattern length would be infinite, and no co-ordination of SSB transmissions between different nodes would be needed. However, if a node detected an SSB of another node in some half-frame, it would not know when the detected node will transmit IAB SSBs next time. This would considerably slow down beam refinement and makes the random patterns impractical.  
Pseudorandom patterns would be more practical than random patterns, assuming the seed for pseudorandom pattern generation could be read from the detected SSB: After a node detects an SSB of another node in some half-frame, it would know when the detected node transmits IAB SSBs next time based on the seed and the index of the half-frame where SSB was detected. Preferably, the seed should be PCI. If this is not possible, the seed should be carried in the PBCH. Also, network could indicate for a node which seeds are in use in its vicinity.   
A set of regular patterns of length n could be the -patterns formed by choosing in different ways k TX half-fames from n half-frames. With small , coordinated pattern distribution would be needed for avoiding the same pattern in nearby nodes. By selecting k, the system could be tuned between minimizing the number of TX half-frames of a node with k=1 and maximizing the number of patterns (or minimizing the number of half-frames used for either TX or RX to obtain a certain number of patterns) with k=n/2. The number of patterns grows rapidly with increasing n=2k (e.g. =924). Choosing large enough n would allow using PCI index as the pattern index so that PCI co-ordination would solve also the pattern co-ordination. It seems that pseudorandom patterns would not bring any benefit compared with more regular patterns and therefore we propose:   
Proposal 2: Utilize -patterns for Stage 2 discovery in Solution 1-B, where  is the pattern length and  is the number of TX half-frames of a node during the pattern length. 
Patterns specified in the standard would be needed at least if the pattern selection is based on PCI. Benefits of more flexible system, e.g. signaling of the TX half-frames through a bit map, may be considered if network controls the allocation in some other way.    
As an example, the six -patterns are shown in Figure 2. Each pattern could actually be allocated to a node with even hop-count and another node with odd hop-count, assuming the SSBs are transmitted interlaced for even and odd hop-count, which would be natural if SSBs are transmitted in DU resources configured as DL-Hard. Within the period shown in the figure, 6+6 patterns could be allocated, and IAB nodes on different hop-counts would have two opportunities to measure each other’s SSB sets (e.g. measuring with two RX beams). However, only one or two opportunities would be available for each pair of nodes on the same hop-count.
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Figure 2: -patterns.

Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer
[bookmark: _GoBack]In (UE) NSA frequency layer SSBs are not needed for UE initial access, which means that SSBs on the synchronization raster can be transmitted with longer than 20 ms periodicity. In this case the SSBs can be shared for Stage 1 and Stage 2 discovery if the pattern length is equal to or shorter than the SSB periodicity assumed by IAB nodes for initial access. An example is shown in Figure 3, where UEs’ SMTC windows of a half-frame are assumed with periodicity of 80 ms, IAB nodes assume 160 ms SSB periodicity for Stage 1 discovery, and the pattern length for stage 2 discovery is also 160 ms. Figures 1 and 3 show only the time-domain distribution. In frequency domain there is the difference that while in Figure 1 the IAB SSBs are transmitted off the synchronization raster, in Figure 3 they are on the synchronization raster.                
Observation 1: Sharing of SSBs for stage 1 and 2 discovery in (UE) NSA frequency layer is possible if the pattern length is at most equal to the periodicity that IAB nodes assume in Stage 1 discovery.
If longer patterns are needed for Stage 2, separate SSBs need to be transmitted for Stage 1 and 2 discovery: there would be SSBs for Stage 1 discovery on a frequency of the synchronization raster and off-raster SSBs for Stage 2 discovery.   
    [image: ]
 
Figure 3: IAB SSB transmission in NSA deployment. 

Conclusion
Our proposals and an observation for Stage 2 discovery based on Solution 1-B are:
Proposal 1: Resources for IAB specific SSB TX and RX are allocated on half-frame basis. There is half-frame offset and periodicity parameters indicating half-frames that may be used for SSB TX or RX. The offset and periodicity are common for all nodes, and node specific patterns determine which of the half-frames are used for node’s SSB TX.
Proposal 2: Utilize -patterns for Stage 2 discovery in Solution 1-B, where  is the pattern length and  is the number of TX half-frames of a node during the pattern length. 
Observation 1: Sharing of SSBs for stage 1 and 2 discovery in (UE) NSA frequency layer is possible if the pattern length is at most equal to the periodicity that IAB nodes assume in Stage 1 discovery.
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