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1. Introduction
At the RAN1 NR-Adhoc #1901 meeting, the extensions of SSBs for inter-IAB-node discovery and measurements were discussed and following agreements were made [1]. 
	R1-1901369
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 details on the extensions of SSBs for inter-IAB-node discovery and measurements, including SSB transmission configuration information and SSB reception configuration information. 
2. Discussion on extensions of SSBs for inter-IAB-node discovery and measurements
During the IAB SI, inter-IAB-node discovery and measurement (Stage 2) had been discussed and following SSB-based solutions were identified as captured in the TR38.874 [2].
	SSB-based solutions (Solution 1-A and 1-B):
-	Solution 1-A) Reusing the same set of SSBs used for access UEs:
-	In this case, the SSBs for inter-IAB cell search in stage 2 are on the currently defined sync raster for a SA frequency layer, while for a NSA frequency layer the SSBs are transmitted inside of the SMTC configured for access UEs.
-	Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs:
-	In this case, 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.
An IAB-node should not mute its own SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2:
-	For SA, this means that SSBs transmitted on the currently defined sync raster follow the currently defined periodicity for initial access;
-	In case of Solution 1-B, this implies SSBs, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSBs used for UE cell search and measurements.



Assuming the half duplex constraint at every IAB-node, SSB transmission and reception cannot be performed simultaneously on a carrier. In terms of access UE’s SSB measurement procedure, SSB transmission timings of surrounding IAB-nodes should be confined within SMTC window of maximum 5ms duration, and it would be better that SSB transmissions across nodes are aligned so that SMTC window can be as short as possible. Therefore, each IAB-node would have two periodic SSB transmission timings as shown in Figure 1; one is for access UEs and it is aligned across IAB-nodes, and another is for inter-IAB-node discovery/measurement and it is TDM across IAB-nodes. As shown in the figure, SSB transmission periodicity can be different between SSBs for access UEs and SSBs for inter-IAB-node discovery/measurement since different mobility could be assumed.
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Figure 1: Examples of SSB transmission timing configurations across IAB nodes

IAB-node DU transmits SSBs for access UEs and probably another set of SSBs for inter-IAB-node discovery and measurement, and IAB-node MT measures SSBs from current parent node/donor and surrounding nodes/donors. Therefore, we consider that following configurations need to be 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 (STTC for access UE) is provided so that SSB transmission timings across IAB-nodes can be aligned (at least confined within UE’s SMTC window).
· SSB transmission timing configuration regarding SSBs for inter-IAB-node discovery and measurement (STTC for inter-IAB-node discovery) is provided so that SSB transmission timings across IAB-nodes can be TDMed.
· This STTC for inter-IAB-node discovery would be provided only for IAB-node supporting parent node functionalities and when Solution 1-B is used.
· Above two STTCs can have same or different periodicity and/or offset. In addition, above two STTCs can have same or different SSB frequency.
· SSB index to be used for actual transmission can also be provided separately in each STTC according to the IAB-node DU capability on number of SSB transmissions.
· For IAB node MT
· One or multiple SSB measurement timing configurations for inter-IAB-node discovery and measurement (SMTC for inter-IAB-node discovery) can be provided.
· Above SMTCs can have same or different periodicity and/or offset and/or list of SSB indices to be measured.

Above configurations for IAB-node DU/MT can provide flexibility necessary/sufficient for inter-IAB-node discovery and measurement as well as SSB transmission alignment across IAB-nodes for access UEs. In addition, since above configuration intends to reuse Rel-15 configuration/feature of periodic SSB burst set, it would be able to reduce specification/implementation efforts.
On the other hand, there are other proposals for SSB transmission/reception configurations [3]. Those proposals and our analysis are described below.
· Joint configuration approach, such as TX/no-TX (i.e., muting) pattern configuration based on single periodic SSB transmission configuration
· It seems less flexible/efficient than our proposed approach (i.e., multiple separate configurations) since it assumes single periodic SSB pattern. For example, in Ex.2 in Figure 1, TX/no-TX patterns for IAB node #1/#2/#3 will be (TX, TX, no-TX, no-TX, …)/(TX, no-TX, TX, no-TX, …)/(TX, no-TX, no-TX, TX, …), respectively. Assuming that required periodicity for inter-node measurement would not be too short while required periodicity for access UE’s measurement would not be too long, the periodicity of single SSB pattern needs to be short and there would be many “no-TX” in the pattern. However, “no-TX” would not always mean that IAB-node needs to perform inter-node discovery/measurement at the timing, since actual SSB transmission periodicity for inter-node discovery/measurement would be long. Therefore, anyway separate measurement timing configuration would be necessary.
· In addition, for the case like Ex.1 in Figure 1, different set of SSB indices need to be transmitted in different period. So, simple TX/no-TX pattern would be insufficient, and configuration would become complex if single periodicity with different set of SSB indices for each period is to be configured.
· Also for measurement, as argued above, just “no-TX” patterns with periodicity value is insufficient. One of the important principles of Rel-15 SMTC configuration is that target cells/SSBs to be measured in each occasion of periodic window are not changed. In this joint configuration approach, the IAB-node MT would have no information on target cells/SSBs to be measured in each “no-TX” occasion.
· Pseudo-random TX pattern according to e.g., PCI and/or hop order
· [bookmark: _GoBack]In this approach, one of predefined pseudo-random TX/no-TX patterns would be selected according to PCI and/or hop order in each IAB-node DU, i.e., necessary information for the DU to determine when to transmit SSB is just PCI and/or hop order. However, it is also less flexible due to limited number of predefined pseudo-random TX/no-TX patterns, and is less efficient since specification effort to define such pseudo-random patterns would be large while complete orthogonal patterns can be configured based on NW implementation in multiple separate configuration approach.
· Single SSB reception configuration (e.g., single SMTC window) with potential extension of window size
· In this approach, single periodic SMTC window is configured for inter-IAB-node measurement. However, it is less flexible/efficient compared with multiple SMTCs approach. As shown in Figure 2, SSB transmissions across IAB-nodes for inter-IAB-node measurement would be centralized (Ex.1) or distributed (Ex.2) according to number of SSBs per node, required transmission periodicity, NW policy on scheduling restriction due to SSB transmission/reception and so on. Single periodic SMTC window configuration seems not appropriate especially for distributed SSB case since almost part of SMTC window is actually not measurement occasion for inter-IAB-node measurement. If short SMTC window with short periodicity is used for distributed SSB case, different cells/set of SSBs would need to be measured in different periods. It is quite complicated and hence two SMTCs are supported in Rel-15 to cover two set of cells with different SSB periodicity on the same carrier. In multiple SMTCs approach, each SMTC window is periodic and same cells/set of SSBs need to be measured in each period of a certain SMTC window.
Based on above analysis, we found that the proposed approach such as multiple separate configurations is the most flexible and efficient approach for SSB transmission and reception configuration.
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Figure 2: Examples of SSB reception timing configurations for inter-IAB-node measurement

Observation 1: One of the important principles of Rel-15 SMTC configuration is that target cells/SSBs to be measured in each occasion of periodic window are not changed, and hence Rel-15 specification supports up to two SMTC configurations for intra-frequency measurement per carrier.
· Joint configuration approach based on TX configuration with muting pattern and single SMTC approach do not comply with this principle.
Proposal 1: An IAB-node DU is configured with at least one SSB transmission configuration for access UE’s measurement, and can be configured with another SSB transmission configuration for inter-IAB-node measurement.
· In case that IAB-node DU is configured with two SSB transmission configurations, at least following parameters are separately provided for each transmission configuration.
· SSB frequency
· Periodicity and offset
· In SSB transmission configuration for inter-IAB-node measurement, potentially candidate periodicity value(s) longer than 160ms may be included
· SSB indices to be transmitted
Proposal 2: An IAB node reports the number of SSB transmissions (i.e., number of beams for SSB transmission) to its parent IAB-node/donor or CU.
Proposal 3: An IAB-node MT is configured with up to N SSB reception configurations, i.e., up to N periodic SMTC windows, for inter-IAB-node measurement.
· At least following parameters are separately provided for each reception configuration.
· Periodicity and offset of the SMTC window
· Duration of the SMTC window
· SSB indices to be measured in the SMTC window
· N is [6] for Rel-16 IAB.

Up to two SSB transmission configurations are enough for the IAB-node, while maximum number of SSB reception configurations (SMTC windows) should be determined based on the trade-off between NW planning effort and overhead/complexity. If the number is too small, more NW planning effort would be required to set appropriate SSB transmission/reception configurations to each node. If the number is too large, overhead i.e., scheduling restriction due to SSB transmission/reception would increase and complexity for IAB-node MT to handle too many SMTCs would also increase. We propose N = [6] as starting point for the discussion. 

3. Conclusion
In this contribution, we discussed on the extensions of SSBs for inter-IAB-node discovery and measurements. Based on the discussion, we made following proposals.
Observation 1: One of the important principles of Rel-15 SMTC configuration is that target cells/SSBs to be measured in each occasion of periodic window are not changed, and hence Rel-15 specification supports up to two SMTC configurations for intra-frequency measurement per carrier.
· Joint configuration approach based on TX configuration with muting pattern and single SMTC approach do not comply with this principle.
Proposal 1: An IAB-node DU is configured with at least one SSB transmission configuration for access UE’s measurement, and can be configured with another SSB transmission configuration for inter-IAB-node measurement.
· In case that IAB-node DU is configured with two SSB transmission configurations, at least following parameters are separately provided for each transmission configuration.
· SSB frequency
· Periodicity and offset
· In SSB transmission configuration for inter-IAB-node measurement, potentially candidate periodicity value(s) longer than 160ms may be included
· SSB indices to be transmitted
Proposal 2: An IAB node reports the number of SSB transmissions (i.e., number of beams for SSB transmission) to its parent IAB-node/donor or CU.
Proposal 3: An IAB-node MT is configured with up to N SSB reception configurations, i.e., up to N periodic SMTC windows, for inter-IAB-node measurement.
· At least following parameters are separately provided for each reception configuration.
· Periodicity and offset of the SMTC window
· Duration of the SMTC window
· SSB indices to be measured in the SMTC window
· N is [6] for Rel-16 IAB.
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