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Introduction
This contribution provides a proposal for the extension of the SSB framework for IAB inter-node discovery and measurement as per the agreed IAB WID scope [1].
SSB framework extension for IAB
During the IAB SI, many discussions and proposals were made to support inter-IAB-node discovery and measurements. The main design consideration has been the half-duplex constraint of the IAB-nodes and its implication on 
· the UEs’ performance related to the access and measurement procedures, and 
· the ability of the IAB-nodes to discover and measure each other. 
One of the proposed solutions is to use SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs. To address the half-duplex constraint, an IAB-node needs to transmit SSBs on a first set of time resources and scan/measure SSBs on a second set of time resources that are not overlapping with the first set. The IAB-node is said to be mute during the scan/measurement time windows. 
To guarantee no negative impact on the UEs, it was agreed [2] that “the SSBs, that may get muted, for inter-IAB cell search and measurement in stage 2 are not on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted outside of the SMTC configured for access UEs.”
To assure IAB-nodes can discover/measure each other, their transmissions and reception (scan) windows should be coordinated. RAN1-AH1901 agreed the coordination to be done centrally.
	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 



Therefore, the configuration of the Tx/Rx coordination can be done centrally at the CU:
· An IAB-node’s MT is provided with a list of measurements and reporting configurations. 
· The IAB-node’s DU is provided with a resource configuration for transmission of the SSBs. 
The CU, based on the previous reports and its knowledge of the IAB network topology, coordinates Tx/Rx SSB patterns of the IAB-nodes to increase the chance of detectability and assure sufficiently available opportunities for measurements. 

Proposal 1: The CU-CP coordinates the transmission and reception windows of the IAB-nodes for the inter-IAB node discovery and measurements.
The IAB-nodes’ MT is provided with configuration to perform measurement and reporting. 
The IAB-node’s DU is provided with configuration to transmit SSBs. 

While the measurement configurations for the MT can be mostly based on the Rel 15 RRM design, IAB WID [1] recommends: 
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). 
This is mainly motivated by the fact that the Rel 15 design and configuration of SMTC may not be sufficiently flexible to support efficient inter-IAB-node discovery and measurements. 
The main features of the Rel 15 SMTC design are summarized in Table 2‑1.

	Number of SMTC windows
	2 for intra-frequency
1 for inter-frequency

	Frequency domain configuration 
	Center frequency is flexibly configured via ssbFrequency

	Time domain configuration
	Periodicity of SMTC window
	Configured via periodicityAndOffset for SMTC1 and periodicity for SMTC2.

SMTC1: in {5, 10, 20, 40, 80, 160} msec.
SMTC2: in {5, 10, 20, 40, 80} msec.

	
	Offset of SMTC window 
	Configured via periodicityAndOffset.
Same value for both SMTC1 and SMTC2. 
Can be flexibly configured at subframe granularity. 

	
	Duration of SMTC window
	Configured via duration.
Same value for both SMTC1 and SMTC2. 
Can be configured as {1,2,3,4,5} subframes.

	
	SSB locations
	Must follow the SS burst set pattern. 
Index of SSBs to measure can optionally be configured via parameter ssb-ToMeasure. (same configuration for both SMTC1 and SMTC2)

	List of PCIs
	For SMTC2, pci-List can be configured to indicate the list of associated PCIs. 
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To allow IAB-nodes to discover/measure each other, their measurement windows should be at least partially non-overlapping. Limiting the number of SMTC windows to 1 or 2 would require all neighboring IAB-nodes to be transmitting within these 1 or 2 windows and hence it would reduce the flexibility of the CU to configure multiple non-overlapping Tx/Rx patterns. Hence, it is proposed to increase the maximum number of SMTC windows that can be configured per frequency to a value greater than 2. 
How many Tx/Rx patterns are needed?
Note that on one hand, it is desired to have the ability to configure many non-overlapping Tx/Rx patterns to increase the chance of discovering and measuring more neighbouring IAB-nodes. On the other hand, configuring many Tx/Rx patterns would potentially increase either the overall resource overhead or the latency (in case Tx/Rx opportunities are spread over a longer period to balance the resource overhead). Moreover, supporting many Tx/Rx pattern would also incur more configuration signalling overhead.  
In general, we can assume there are N discovery/measurement occasions within a period. Each occasion comprises a set of resources to transmit/receive a number of SSBs (e.g. each occasion may be an SSB burst set spanning at most 5 msec interval, or a portion of a full SSB burst set). An IAB-node is configured to scan for SSBs in NRx (out of N) occasions, i.e. NRx SMTC windows, and transmit SSBs in NTx (where NTx =N-NRx) occasions, i.e. NTx STTC (SSB transmission time configuration) windows. The number of unique Tx/Rx patterns would be (N choose NRx), where the maximum number of such patterns for various values of N is
· N = 4  6 patterns, with NRx = 2
· N = 5  10 patterns, with NRx = 2, 3
· N = 6  20 patterns, with NRx = 3
· N = 8  70 patterns, with NRx = 4
We observe NRx = 2 may limit the number of configurable patterns. We also acknowledge that the CU-CP should have enough flexibility to configure Tx/Rx patterns. For example, CU-CP may determine to pseudo-randomly assign different patterns to different IAB-nodes or follow a more structured assignment like hop-based (inter-hop and intra-hop) patterns. An example of a hop-based pattern is shown below, that allows discovering/measuring IAB-nodes that are up to 2 hops away (i.e. grand-parents/grand-children) and the siblings. Such a pattern would need at least 3 SMTC windows. 
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Based on the above discussion, we propose to increase the maximum number of configurable SMTC (and also STTC) windows (per frequency) to 4. Note that this is the “maximum” number of SMTC windows and does not necessarily mean 4 SMTC windows are always configured. Hence, the configuration signalling overhead should be less of an issue. 
Another limitation of the Rel 15 design is that some parameters, like SMTC window offset and duration and indices of SSBs to be measured, are commonly configured for both SMTC1 and SMTC2. It is important to have enough flexibility of configuring multiple SMTC windows – e.g. the ability to configure multiple measurement windows (with different offsets) within the same period may be necessary for an efficient operation.

Proposal 2: Extend the Rel 15 SMTC design for inter-IAB-node discovery and measurements by:
· Increasing the maximum number of SMTC configured per frequency to [4].
· Optionally configuring the applicable parameters, like SMTC offset and duration, SSBs to measure and PCI list, separately for each SMTC window. 

The SSB transmission configurations for the DUs (i.e. the counterpart of the measurement configurations of the MTs) are provided by the CU-CP, e.g. over the F1-AP interface. The SSB transmission configuration should comprise similar parameters as in SMTC, i.e. the time and frequency resources for SSB transmissions should be provided.
More specifically, a DU is provided with one or multiple SSB transmission time configuration (STTC) windows. Associated with each STTC window,
· In the time domain, a periodicity, an offset, and a duration are configured. The index of the SSBs to transmit, ssb-ToTransmit, may also be provided.
· In the frequency domain, the center frequency, ssbFrequency, is configured.

Proposal 3: An IAB-node’s DU is provided with up to [4] SSB transmission time configuration (STTC) windows. The following parameters are configured for each STTC window:
· Periodicity, offset, and duration in the time domain. 
· [optionally] the index of the SSBs to transmit.
· The center frequency of the SSBs.

Conclusion
This contribution provided a proposal for the SSB framework extension for inter-IAB-node discovery and measurements.
The following proposals have been made:

Proposal 1: The CU-CP coordinates the transmission and reception windows of the IAB-nodes for the inter-IAB node discovery and measurements.
The IAB-nodes’ MT is provided with configuration to perform measurement and reporting. 
The IAB-node’s DU is provided with configuration to transmit SSBs. 

Proposal 2: Extend the Rel 15 SMTC design for inter-IAB-node discovery and measurements by:
· Increasing the maximum number of SMTC configured per frequency to [4].
· Optionally configuring the applicable parameters, like SMTC offset and duration, SSBs to measure and PCI list, separately for each SMTC window.

Proposal 3: An IAB-node’s DU is provided with up to [4] SSB transmission time configuration (STTC) windows. The following parameters are configured for each STTC window:
· Periodicity, offset, and duration in the time domain. 
· [bookmark: _GoBack][optionally] the index of the SSBs to transmit.
· The center frequency of the SSBs.
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