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1 Introduction

In the previous meeting, SSBs for inter IAB node discovery and measurements was discussed. The following agreements are made:
Agreements:

· SSB transmission configuration information (i.e. the necessary information for the DU to determine when to transmit SSB) and SSB reception configuration information (i.e. the necessary information for the MT to determine when to search for SSB) for IAB inter-node measurements are determined in a centralized manner, i.e. not locally by the IAB node.

· An IAB node is provided with configuration of SSB transmission and reception information for IAB inter-node measurements.

· FFS details
In this contribution, the detailed transmission and reception configuration for discovery in IAB scenario is discussed.
2 Transmission/reception configuration for discovery of IAB nodes
For transmission/muting pattern of SSB for discovery, we categorized the following methods in [1]:

1. SSB with different offset or periodicity: can be considered for transmission pattern. For example, multiple of # of hops makes different periodicity by multiplying. Then, naturally, an IAB node can detect only IAB nodes with less # of hops. Or, different offset to transmit SSB can have different transmission and measurement timing among IAB nodes, and IAB nodes can do discovery between different offset.

2. SSB random transmission: can be considered for transmission pattern. If all IAB nodes have different random pattern, half duplex problem can be solved perfectly. It is necessary to share random pattern in order not to degrade the RRM performance. Without it, some RRM cannot be differentiated between transmission and muting. The detailed random pattern can be FFS.

3. Network indicating SSB transmission/muting: Network configures muting and transmission of SSBs across candidate SSB occasions where the IAB node transmits only in the indicated transmission resources. In the resources indicated as muting, it can perform measurements.
In terms of suitability, if the number of neighboring IAB nodes to be discovered are small, method 3 is appropriate. With full flexibility, all transmission/reception timings can be controlled for all the IAB nodes. If the number of neighboring IAB nodes to be discovered are large, method 2 is appropriate. With less signaling overhead than method 3, massive number of transmission/muting pattern can be used. In terms of manage, method 1 can be more proper than the others, since the pattern is formalized with a simple SSB Tx offset or periodicity. 
It is beneficial to enable the network to choose which transmission/reception pattern among the above 3 methods is used depending on the scenario and management. In this regard, the following transmission configuration can be considered:
	Transmission configuration{


Periodicity: X ms (e.g. 5, 10, 20, 40, 80, 160…)


# of opportunity: N


# of transmission: A


Pattern: select one out of {Tx pattern, Random pattern}

Tx pattern{



For A = 1, select one out of N by log2N bitmap (e.g. 1000, 0100, 0010, 0001 if N=4)



For A = N-1, select one out of N-1 by log2N bitmap (e.g. 0111, 1011, 1101, 1110 if N=4)



For A = 2~N-2, select one out of (N combination A) by log2(N combination A) bitmap


}


Random pattern{


DU generates one bitmap with size N having A number of ‘1’ and N-A number of ‘0’


}

}


In the above transmission configuration, a network firstly determines the periodicity X of discovery opportunity, which can be transmission or reception timing. And, the number N of opportunity can be determined for Tx/Rx pattern indication unit. Out of N opportunity, the number A of transmission is determined. Also, pattern can be chosen whether random pattern is used or not.
In the Tx pattern, if A = 1, network can choose one out of 1000, 0100, 0010, 0001 for N = 4. It can be interpreted if X=5ms, each IAB node transmits SSB with 0ms, 5ms, 10ms, 15ms offset and 20ms periodicity as depicted in figure 1. And, each IAB node measures SSB with 5ms except for its SSB transmission timing. If A = N-1, network can choose one out of 0111, 1011, 1101, 1110 for N = 4. It can be interpreted if X=5ms, each IAB node transmits SSB with 5ms periodicity except for one measure timing during 20ms, as depicted in figure 2. And, each IAB node measures SSB every 20ms. 

In order to choose more transmission pattern flexibly, network can decide A = 2 ~ N-2. And, if random pattern is chosen, random pattern rule to be decided can generate one bitmap with size N according to N number of opportunity and A number of transmission. 
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Fig. 1 SSB Tx/Rx pattern for discovery with N=4, A=1, periodicity 5ms in transmission configuration
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Fig. 2 SSB Tx/Rx pattern for discovery with N=4, A=3, periodicity 5ms in transmission configuration

Proposal 1: Transmission configuration for discovery is configured to DU;
Transmission configuration{



Periodicity: X ms (e.g. 5, 10, 20, 40, 80, 160…)



# of opportunity: N



# of transmission: A



Pattern: select one out of {Tx pattern, Random pattern}


Tx pattern{




For A = 1, select one out of N by log2N bitmap (e.g. 1000, 0100, 0010, 0001 if N=4)




For A = N-1, select one out of N-1 by log2N bitmap (e.g. 0111, 1011, 1101, 1110 if N=4)




For A = 2~N-2, select one out of (N combination A) by log2(N combination A) bitmap



}



Random pattern{



DU generates one bitmap with size N having A number of ‘1’ and N-A number of ‘0’



}

}
For discovery, the reception configuration is configured to MT, for which, one candidate is to reuse Rel.15 SMTC. Different transmission or muting pattern within IAB nodes can generate non-periodic measurement timing. If reusing SMTC for discovery, multiple SMTC configuration with multiple periodicities would be needed to express non-periodic measurement timing. However, if MT can use DU discovery transmission configuration, since MT can recognize which timing can be used for transmission and which timing can be used for measurement, even one SMTC can express non-periodic measurement timing. With periodic measurement timing in one SMTC, IAB nodes interpret when measurement timing in SMTC is overlapped with its transmission timing, they transmit SSBs, and measure SSBs on the other measurement timing. 
Proposal 2: Reception configuration for discovery is configured to MT, for which, Rel.15 SMTC is reused.
Proposal 3: With periodic measurement timing in one SMTC, IAB nodes interpret when measurement timing in SMTC is overlapped with its transmission timing, they transmit SSBs, and measure SSBs on the other measurement timing. 
Since IAB nodes have fixed location, full sweep of all beams cannot be necessary in RRM measurement. Limited specific beams can be required for that. However, to obtain which beams are necessary, some procedure for discovery with full beams can be adopted. For the purpose of it, it would be sufficient to use semi persistent or aperiodic transmission and measurement, not periodic. Those procedure can be triggered by a donor upon a certain set of conditions (e.g., a new IAB node joins).
Proposal 4: For IAB node discovery, semi-persistent or aperiodic discovery procedure is supported, which is used to reduce the number of beams in periodic SSB transmissions for discovery by using it only when a new IAB node joins or leaves.
3 Conclusion 

In this contribution, we discussed on detection and measurement among IAB nodes. Based on discussion, we obtained following observation and proposals.
Proposal 1: Transmission configuration for discovery is configured to DU;
Transmission configuration{



Periodicity: X ms (e.g. 5, 10, 20, 40, 80, 160…)



# of opportunity: N



# of transmission: A



Pattern: select one out of {Tx pattern, Random pattern}


Tx pattern{




For A = 1, select one out of N by log2N bitmap (e.g. 1000, 0100, 0010, 0001 if N=4)




For A = N-1, select one out of N-1 by log2N bitmap (e.g. 0111, 1011, 1101, 1110 if N=4)




For A = 2~N-2, select one out of (N combination A) by log2(N combination A) bitmap



}



Random pattern{



DU generates one bitmap with size N having A number of ‘1’ and N-A number of ‘0’



}

}
Proposal 2: Reception configuration for discovery is configured to MT, for which, Rel.15 SMTC is reused.
Proposal 3: With periodic measurement timing in one SMTC, IAB nodes interpret when measurement timing in SMTC is overlapped with its transmission timing, they transmit SSBs, and measure SSBs on the other measurement timing.
Proposal 4: For IAB node discovery, semi-persistent or aperiodic discovery procedure is supported, which is used to reduce the number of beams in periodic SSB transmissions for discovery by using it only when a new IAB node joins or leaves.
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