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Introduction
In RAN1Ad-Hoc Meeting 1901, the following objectives of IAB work item were agreed [1].
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 details of the extensions to the Rel.15 specification to support IAB inter-node off-raster SSB measurement are discussed. 
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After the IAB initial-access stage and the RRC connection to the parent node is set-up, the DU part of the IAB node becomes active. During the IAB-node set up, the DU is configured to transmit SSBs for UE cell search and measurement as well as for MT initial cell search. The DU may also be configured to transmit SSB for IAB-MT inter-node discovery and measurement. In parallel to SSB transmission by the DU, UEs and MTs are configured to search for and measure on SSBs at specific time instance. In the IAB case, the DU and MT configuration should be coordinated to enable inter-node SSB measurements while not violating the half-duplex constraint. 

According to the agreements from the RAN1 Ad-Hoc meeting 1901, the SSB transmission and measurement configurations for inter-node measurements are determined in a centralized manner. That means that the SSB transmission and measurement configurations are provided by the CU. Both IAB nodes and IAB donor nodes are provided with the SSB transmission configuration by mean of F1-interface messges.

In Rel.15, the SSB periodicity can take different values: (5ms, 10ms, 20ms, 40ms, 80ms, 160ms). For IAB nodes, the channel condition is expected to be rather stable. Thus, it makes sense to allow for even larger SSB periodicities. Possible additional values could be 320ms and 800ms. 
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In order to handle the resource limitation issue with the Rel.15 SSB configuration, it is agreed in [2] that additional flexibility in SSB configuration can be introduced to the off-raster SSBs. The main idea is to allocate additional time-domain positions on a frequency raster where a DU can be configured to transmit SSBs for IAB inter-node measurement. In principle, the SSB time pattern has flexibility in both the half frame level (different HFs) and the SS block level (different SSB indices within one HF). The current spec already supports the design of orthogonal sets of SS indices within one half frame. In this contribution we compare two simple options regards the half frames an IAB node can be configured to transmit off-raster SSBs for inter-node measurement
1. Single-HF SSB, i.e. a given IAB node transmits SSB within a single half frame during the SSB period. 
2. Multi-HF SSB, i.e. a given IAB node may transmit SSB within multiple half frames during the SSB period. 
To maximize the reuse of the Rel.15 specification (as stated in [2]), the time location of the up to 64 SS indices in one HF follows the Rel.15 specification. 

Observation 1	The Rel.15 specification supports multiple orthogonal sets of SS indices in one half frame. There is no need to consider further enhancement at the SS block level.    

As in the non-IAB case, the SSB transmission configuration is per cell. However, within the same IAB node, all the cells can transmit SSBs using the same time domain pattern (same HF and same set of SSB indices within the HF) without violating the half-duplex constraint.  

Observation 2	All the cells from one IAB node can be configured with the same time domain pattern to transmit SSBs for inter-node masurement.

Single-HF SSB
In this option, the configuration of the off-raster IAB SSB follows the Rel.15 specification in that, within one period, all SS blocks are confined in one half frame of 5ms. It could be an arbitrary half frame which does not transmit on-raster SSBs for UE/IAB initial access. In the example of Figure 1, three nodes (Node-1, Node-2 and Node-3) have orthogonal time patterns for IAB SSB transmission. Node-1 and Node-2 use the same HF, but different SS block indices. Node-2 and Node-3 have same SS block indices but transmit in different HFs.
The IAB SSB transmission configuration to the DU will include 
· The periodicity of the SSB transmission
· The frequency domain location of the SSBs
· The HF in which the SSB is to be transmitted
· The indices of the SSBs to be transmitted
The position of the HF which contains SSB transmission can be indicated by an offset with respect to the HF which transmits the on-raster SSBs for UE/IAB initial access. In Figure 1, Node-1 and Node-2 have an offset of 1HF (5ms), whilst Node-3 has an offset of 4 HFs (20ms).
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Figure 1: An example of orthogonal SSB time patterns for three nodes.

The periodicity of SSB transmission for UE/access and IAB inter-node measurement can be configured with different numbers, as shown in Figure 2. 
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Figure 2: An example of orthogonal IAB SSB time patterns for 12 nodes using single-HF SSBs. Given the IAB SS period of 80ms and the UE Access SS period of 20ms, there are 12 time-patterns at the HF level.
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Multi-HF SSB
It should be noted that if the SSB transmission period is short, the available time patterns at the HF level are limited. To further increase the number of time domain patterns, a simple approach is to support multi-HF SSBs. To limit the impact to the Rel.15 specification, SSB transmission in multiple HFs and all HFs are configured with the same SSB indices. 

Figure 3 provides an example that all the nodes transmit IAB SSBs in 2 HFs in one period. In this example, the total number of the available HF-level time pattern is increased from 12 to 66. Every node can be measured by all other nodes at least in one HF. Some of the nodes can even measure the both HFs which improves the SSB detectability and the measurement flexibility. By using multi-HF SSBs, the number of time domain patterns is significantly increased. 

However, transmitting multiple copies of SS bursts in one SSB period has some disadvantages, for example
· Broadcast signal is resource demanding
· Increased signalling effort
· Increased interference level due to simultaneous SSB transmission from neighbouring nodes.

Observation 3	To limit the number of SS bursts in one period, the following options can be considered:
· Only certain (N) HFs in one period can be configured to transmit SSBs.
· Each node can only configure a limited number (K) of HFs in one period for SSB transmission. 
· Each IAB node can be assigned with one of  time patterns at the HF level.
When , the total number of the available time patterns is maximized. On the other hand, to reduce the signaling overhead K should be a small number, for example K=2.  
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Figure 3: An example of IAB SSB time patterns in which IAB SSBs are transmitted in 2 HFs in one period. Given the IAB SS period of 80ms and the UE/Access SSB period of 20ms, there are 66 time-patterns at the HF level.
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A comparison of IAB single-HF SSB and multi-HF SSB is addressed in Table 1.

Table 1: Comparison of the two options: one HF or multiple HFs in one period
	
	IAB single-HF SSBs
	IAB multi-HF SSBs

	Pros
	· Less specification efforts
· Less signaling overhead: the location of the single-HF can be signaled using a time offset 
· Less scheduling complexity
· No interference from IAB SSBs of the neighboring cells  
	· Largely increased number of time domain patterns
· Improved SSB detectability
· Increased SSB measurement flexibility

	Cons
	· Limited number of time domain patterns
	· More specification efforts 
· Increased signaling complexity
· Increased scheduling complexity
· Interference of IAB SSBs from the neighboring cells  
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In Rel.15, a UE can at most be configured with 2 SS/PBCH Block Measurement Time Configuration (SMTC) windows per frequency (ARFCN location), with a maximum window duration of 5ms. 

According to the agreements from the RAN1 Ad-Hoc meeting 1901, the SSB measurement configuration is also provided centrally, for example from the CU. For SMTC-based SSB measurement, the following enhancements can be introduced to support measuring SSBs over multiple HFs:
· Multiple (>2) SMTC windows per frequency
· Longer SMTC windows covering multiple HFs
· The windows should be independent in terms of offset, duration and periodicity

For each SMTC window, the MT of the IAB node will be provided with the information as
· The measurement periodicity
· The frequency domain resource
· The location of the multi-HFs which transmit SSBs
· The SSB indices in one SS burst

Two examples of the SMTC configuration are illustrated in Figure 5. In the figure, all three nodes transmit 2 HFs in a SS period of 40ms. Node-1 transmits SSBs in HF1 and HF2; Node-2 transmits SSBs in HF2 and HF3 and Node-3 in HF3 and HF5. To measure Node-1 and Node-2, the MT-part of Node-3 can be configured to measure all three HFs, HF1-HF3. To be more resource efficient, it is also possible to configure Node-3 to only measure HF1 and HF3. 
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Figure 4: Two examples of SMTC configuration for IAB inter-node measurement.
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Conclusion
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In Section 2 and 3, we made the following observations:
Observation 1	The Rel.15 specification supports multiple orthogonal sets of SS indices in a half frame. There is no need to consider further enhancement at the SS block level.    

Observation 2	All the cells from one IAB node can be configured with the same time domain pattern to transmit SSBs for inter-node masurement.

Observation 3	To limit the number of SS bursts in one period, the following options can be considered:
· Only certain (N) HFs in one period can be configured to transmit SSBs.
· Each node can only configure a limited number (K) of HFs in one period for SSB transmission. 
· Each IAB node can be assigned with one of  time patterns at the HF level.
When , the total number of the available time patterns is maximized. On the other hand, to reduce the signaling overhead K should be a small number, for example K=2.  

Based on the discussion in Section 2 and Section 3, we propose the following:

Proposal 1	The SSB periodicity for IAB node discovery/measurement may take larger values than the SSB periodicities specified in Rel.15.
Proposal 2	If single-HF SSB is used for IAB inter-node measurement, the following should be supported
· The SSBs for UE/access and IAB inter-node measurement can have different periodicity.
· The use of half frames that do not transmit on-raster SSB for UE/IAB initial access.
· The half frame to be used for the SSB transmission is provided as an offset to the HF which transmits SSB for UE/IAB-node initial access.
Proposal 3	If multi-HF SSB is used for IAB inter-node measurement, the following should be supported
· The SSBs for UE/access and IAB inter-node measurement can have different periodicity.
· Use the half frame which does not transmit on-raster SSBs for UE/IAB initial access.
· The DU of the IAB nodes will be informed about which half frames are used to transmit IAB SSBs.
· All half frames are configured with the same SS indices.
· To limit the signaling effort, each IAB node can be assigned with one of  time patterns at the HF level.
Proposal 4	If the IAB node discovery/measurement is SMTC-based, the following should be supported
· Multiple (>2) SMTC windows per frequency.
· Longer SMTC windows covering multiple half-frames.
· The SMTC windows should be independent in terms of offset, duration and periodicity.
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