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Introduction
This contribution provides a summary and associated offline agreement proposals for section 7.2.3.2 of the agenda on the subject of SSB extensions for IAB inter-node discovery and measurement.
[bookmark: _Ref535901225]Scope  
It has been agreed that enhancements to the SSB framework are needed to support IAB inter-node discovery and measurements in light of IAB specific constraints (e.g. half-duplex constraint at IAB node) and the requirement to not impact Rel 15 UEs relying on assumptions of the Rel 15 SSB framework [1]. The scope is to define SSB enhancements applicable only to IAB nodes for stage 2 inter-node discovery and measurement
Discussion points
There is general consensus on the need to define a number Np of IAB specific SSB patterns (off sync raster) partially non-overlapping in time to enable discovery and measurement of up to Np-1 nodes surrounding a given node. A given pattern determines when an IAB node needs to transmit SSB (DU side) as well as when the node needs to search for SSB on the receive side (MT side).
Determination and assignment of SSB patterns
How are the SSB patterns assigned to a given IAB node?
a. Centralized approach: configured by CU.
b. Distributed approach: determined by IAB node based on a set of well defined rules.

Centralized approach:
The patterns assignment can be coherent with the topology as the CU is reposible for topology management.
The patterns assignment can be easily integrated with the semi-static resource allocation and management as the CU is responsible for semi-static resource allocation.

Distributed approach:
The pattern for the IAB node is determined as a function of some specified quantities / information that is made available at the IAB node.

[bookmark: _Hlk536069315](tentative ) Offline agreement 1:
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 SSB transmission and reception information for IAB inter-node measurements.
· FFS: SSB transmission and reception information to be provided to an IAB node.


Companies proposals on this subject:
	Huawei
	Proposal 1: The SSB transmission/reception for IAB node mutual discovery and measurement should be configured in a centralized manner by the donor node.
Proposal 2: For each IAB node, the donor node should configure the transmission of SSB sets to the DU and the reception of SSB sets to MT respectively.

	CMCC
	Proposal 1: Muting pattern of SSBs for IAB node discovery and measurements could be configured based on both cell ID and cyclic shift.

	AT&T
	Proposal 2: Introduce time-domain mapping patterns for SSBs based on hop order which are orthogonal for up to 3 hops.

	LGE
	Proposal 1: To solve efficiently the half duplex problem for discovery, grouping to have different transmission/muting pattern is necessary among IAB nodes. Three ways can be considered; 
· Hop based grouping
· Geographical grouping
· Network indicating grouping.
Proposal 2: For transmission or muting pattern for discovery, three ways can be considered; 
· SSB with different offset or periodicity
· SSB random transmission
· Network indicating SSB transmission/muting

	Ericsson
	Proposal 1 A IAB-node DU can configured with off-sync-raster SSB transmission in any half frame and within multiple half frames.
Proposal 2 If IAB node discovery/measurement is SMTC-based, support the configuration of MT measurements with larger SMTC duration than

	Qualcomm
	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 configured to perform measurement and reporting. 
The IAB-node’s DU is configured to transmit SSBs. 

	Docomo
	Proposal 1: Following configurations are provided for IAB-node DU/MT from parent node/donor or CU.
· For IAB-node DU
· SSB transmission timing configuration regarding SSBs for access UEs including at least following contents
· Periodicity and offset for SSB transmission ({5, 10, 20, 40, 80, 160}ms periodicity)
· SSB transmission frequency
· Bitmap indication of actually transmitted SSB indices for access UEs
· SSB transmission timing configuration regarding SSBs for inter-IAB-node discovery and measurement including at least following contents
· Periodicity and offset for SSB transmission (potentially candidate periodicity value(s) longer than 160ms may be included)
· SSB transmission frequency
· Bitmap indication of actually transmitted SSB indices for inter-IAB-node discovery and measurement
· Note that this configuration may not be provided e.g., when the IAB-node does not need to transmit SSBs for inter-IAB-node discovery separately from those for access UEs


	Samsung
	Proposal 1: For solution 1-A, SSB positions within one SSB burst set can be coordinated across multiple IAB nodes to enable inter IAB node discovery subject to half-duplex constraint..
Proposal 2: SSB TDM pattern should depend on hop order and different TDM patterns can be configured for different hop order.
Propose 3:  The following solutions for muting of SSBs should be considered for inter IAB node discovery and measurement
· Alt1: Muting across all IAB nodes;
· Alt2: Muting based one hop order, i.e., muting pattern within each hop.
Proposal 4: Both semi-persistent and dynamic configuration/reconfiguration of SSBs for inter-IAB node discovery and measurement should be supported.
Proposal 5: Following Alts can be considered for SSB muting
· Alt1: Predefined muting;
· Alt2: Semi-persistent or dynamic SSB muting.
Proposal 6: Semi-persistent and dynamic SMTC configuration should be supported to enable inter IAB node discovery with dynamic topology adaptation.




SSB transmission and reception patterns design
Several proposed methods for the design of suitable patterns partially non-overlapping in time.

[bookmark: _GoBack]How many non-overkappig patterns are needed and hence how much flexibility there needs to be?

In light of offline agreement 1, RAN1 does not need to work on detailed SSB pattern design but only focus on identifiying the envisioned information needed to be communicated to the IAB node to determine when to transmit SSBs and when to search for SSBs.

Companies proposals on this subject:
	Huawei
	Proposal 4: The current SMTC configuration can be extended for SSB reception pattern configuration, and non-constant measurement offset among measurement groups should be considered to support the pattern hopping in different measurement groups.
Proposal 5: For 120 KHz SCS, the SSB for IAB node discovery/measurement should be placed in the different half frame, and follow the same pattern as access UEs.
Proposal 6: For 240 KHz SCS, the following 2 new SSB patterns can be considered for IAB node discovery and measurement
· Option 1: the SSB for IAB node discovery/measurement is placed in the same half frame as that for access UEs, and its time domain mapping can use the pattern in Figure 7.
Option 2: the SSB for IAB node discovery/measurement is placed in the different half frame as that for access UEs, and its time domain mapping can use the pattern in Figure 8.

	AT&T
	Proposal 1: Specify additional SMTC periodicities for inter-IAB node discovery and measurement beyond the values supported in Rel. 15. 
Proposal 3: Support configuration of different periodicities/offsets to enable both intra- and inter-hop discovery.

	Intel
	Proposal 1: Off-raster SSB can have the following characteristics.
· Off-raster SSB has the same structure (PBCH/PSS/SSS) as in-raster SSB.
· Off-raster SSB needs to be TDMed with in-raster SSB of 20ms periodicity. 
· Off-raster SSB can be FDMed with in-raster SSBs of less than 20ms periodicity.
· The off-raster SSB periodicity can be extended, for example as {5,10,20,40,80,160,320}ms
Proposal 2: Consider to specify a longer SMTC periodicity for RRM on off-raster SSBs, i.e., 200ms, 240ms, and 320ms.

	Nokia
	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. 


	Qualcomm
	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.
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