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In RAN1 Ad-Hoc Meeting 1901 [1], the following agreements were achieved:
	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, we discuss the SSB set TX/RX patterns and the related configuration details for IAB node mutual discovery and measurement. 
[bookmark: _Ref129681832]Discussion
SSB TX/RX pattern
To enable the mutual discovery and measurement among multiple IAB nodes in Stage 2 (after the IAB node DU becomes active), the CU should coordinate the SSB transmission/reception pattern for the IAB nodes. After the coordinated configurations, each IAB node should be able to discover and measure other IAB nodes during its reception occasions (i.e., SMTC), and also be discovered and measured by other IAB nodes during its SSB transmission occasions. Essentially, the SSB set TX/RX patterns should be obtained by a combination of SSB transmission and reception (SMTC) configurations. In this section, we have some analysis on the desired TX/RX patterns to provide some insights on potential the SSB transmission and reception configurations. 
The basic idea of SSB TX/RX patterns could be generalized into a unified framework as follows
· Define the SSB set TX/RX pattern in a K SSB sets group
· Within this group, K1 SSB sets are used for reception/measurement and the remaining (K-K1) SSB sets are used for transmission
 
Figure 1: SSB set transmission/reception pattern
The SSB set TX/RX pattern can be denoted as pattern (K1, K). With this framework, the SSB set transmission/reception pattern in Figure 1 can be denoted as pattern (1, 3), where a single SMTC window is configured for each IAB node. Therefore, this (1, 3) pattern could create 3 SSB set TX/RX patterns in Figure 1 and be used for 3 IAB nodes.
The (1, K) SSB set TX/RX pattern with a single SMTC window configuration is the simplest scheme to enable K IAB nodes mutual discovery or measurement, but it leads to increasing measurement period with the increasing number of IAB nodes. To solve this issue, multiple SMTC window with different offsets can be considered as shown in Figure 2. With a single SMTC window, the maximum number of IAB nodes that can be mutually discovered/measured is 6 with 6 SSB sets. However, with two windows, the maximum number of IAB nodes that can be mutually discovered/measured is up to 9 with 6 SSB sets. 

Figure 2:  Different SSB set TX/RX patterns in different SSB set groups
Observation 1: By configuring each IAB node with multiple SMTC windows, the measurement time and overhead for IAB node mutual discovery and measurement can be reduced.
SSB TX/RX configuration
It was agreed that an IAB node can be provided with configuration of SSB transmission and reception information for inter-IAB node measurements. Essentially the SSB TX and RX are configured for IAB-node DU and IAB-node MT respectively. Therefore, it is straightforward to adopt F1-AP signaling for SSB TX configuration, and RRC signaling for SSB RX configuration. In addition, a muting rule should also be defined in case the SSB TX is overlapped with SSB RX.
· SSB TX configuration
For SSB TX configuration, at least the transmission frequency, SCS, time location (periodicity/offset) and indices of actual transmitted SSBs should be provided. In addition, multiple sets of SSB TX configurations can be considered to enable a concentrated measurement in time as shown in Figure 3.

Figure 3:  SSB transmission configuration for IAB node DU
· SSB RX configuration
In Rel-15, two STMCs can be configured to a UE. The periodicities of the SMTC configurations can be different, but the offset of the two SMTCs are the same. However, in order to enable a large number of mutual discovery and measurement within a given time interval, the SSB RX configuration (i.e., SMTC window) for each IAB node MT should allow multiple windows with different offsets as illustrated in Figure 4 (a). Even if the multiple windows have the same offset in Figure 4 (b), they still can be defined as different window since the cell IDs of the “to be discovered/measured IAB nodes”, i.e. the target IAB nodes, may be different considering the dynamic topology adaptation. 
 
Figure 4: SSB reception configuration for IAB node MT (muting rule Alt. 1)
· Muting rule
The muting rule defines the priority between SSB TX and SSB RX. 
Alt. 1: The DU will mute its SSB TX if it is overlapped with the SSB RX for MT.
With the muting rule, the signaling overhead of SSB transmission configuration can be reduced, i.e. the donor can configure a single SSB transmission set for each IAB node. Besides, with the muting rule, the donor can change the measurement behavior for an IAB node by merely reconfiguring the SMTCs, but not both the SSB set transmission and reception.
Similarly, Alt. 2 can be used to reduce the signaling overhead of SSB reception configuration:
Alt. 2: The MT will stop its SSB RX if it is overlapped with the SSB TX for DU.
To be specific, the SSB set TX/RX patterns can be obtained by a single SMTC and multiple SSB set TX configurations. However, with a single SMTC, the cell IDs of target IAB nodes cannot be configured for each reception window independently, and thus the IAB node cannot know whether a target IAB node can be discovered/measured during a specific reception window. On the other hand, if multiple SMTCs are configured, the advantage of signaling overhead reduction for Alt. 2 also vanishes.
According to the above analysis, the following proposal can be made:
Proposal 1: For inter IAB node discovery and measurements, 
· Multiple SSB transmission sets with the same periodicity and different offsets should be configured for IAB node DU by F1-AP signaling
· Multiple SMTC windows with different offsets should be defined for IAB node MT by RRC signaling, and the offsets should satisfy some constraints to avoid unreasonable SSB TX/RX patterns
· Muting rule: The SSB set TX should be muted if the SSB set TX and RX are overlapped
Conclusions
In this contribution, we discuss the SSB-based measurement for IAB. Based on the discussion, we have the following observations and proposals:
Observation 1: By configuring each IAB node with multiple SMTC windows, the measurement time and overhead for IAB node mutual discovery and measurement can be reduced.
Proposal 1: For inter IAB node discovery and measurements, 
· Multiple SSB transmission sets with the same periodicity and different offsets should be configured for IAB node DU by F1-AP signaling
· Multiple SMTC windows with different offsets should be defined for IAB node MT by RRC signaling, and the offsets should satisfy some constraints to avoid unreasonable SSB TX/RX patterns
· Muting rule: The SSB set TX should be muted if the SSB set TX and RX are overlapped
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
Chairman notes for RAN1 AH1901 meeting, Jan. 2019.
image3.emf
Time

SSB set

#0

SSB set

#0

SSB set

#0

SSB set

#0

SSB set

#0

SSB set

#0

SSB transmission 

configuration

Time

SSB set

#0

SSB set

#1

SSB set

#2

SSB set

#0

SSB set

#1

SSB set

#2

SSB transmission 

configuration


image4.emf
Time

Time

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

Time

SMTC#0 SMTC#1

SSB transmission 

configuration

SSB Reception 

configuration

IAB node #1

pattern

SSB TX/RX set group 

#n

SSB TX/RX set group 

# (n+1)

Time

Time

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

Time

SMTC#0 SMTC#1

SSB transmission 

configuration

SSB Reception 

configuration

IAB node #4

pattern

SSB TX/RX set group 

#n

SSB TX/RX set group 

# (n+1)

(a)

(b)


image1.emf
Pattern 0

Pattern 1

Pattern 2

SSB set RX

SSB set TX

SSB set TX

SSB set TX

SSB set RX

SSB set TX

SSB set TX

SSB set TX

SSB set RX

SSB TX/RX set group


image2.emf
Time

Time

Time

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB TX/RX set group 

#n

SSB TX/RX set group 

# (n+1)

IAB node #0

IAB node #1

IAB node #2

Time

Time

Time

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

IAB node #3

IAB node #4

IAB node #5

Time

Time

Time

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

SSB set

IAB node #6

IAB node #7

IAB node #8


