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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution provides a summary of section 7.2.3.1 Extension of SSBs for inter-IAB-node discovery and measurement based on the contributions submitted to RAN1 #98 [1-10]. The key remaining issues are listed and some potential agreements are proposed.
[bookmark: _Ref129681832]Discussion
Inter-IAB-node discovery and measurement has been discussed for several meetings and the agreements are summarized in the Appendix. Some of the remaining issues based on the contributions from different companies are listed below
· SSB transmission configuration
· Issue 1-1: Additional parameter(s) in STC
· SSB reception configuration
· Issue 2: Remaining configuration details of SMTC: 
· SMTC window duration
· List of physical cell IDs to be measured
· Issue 2-2: SMTC configuration for multiple IAB-MTs within one IAB node
· Collision resolution between STC and SMTC
· Issue 3: Priority handling between STC and SMTC
· Measurement procedures
· Issue 4: Semi-persistent or aperiodic discovery procedure
SSB transmission configuration
Issue 1: Additional parameter(s) need to be included in STC
In RAN1#96bis, a set of parameters were agreed to be included in STC for IAB node discovery and measurement. In RAN1#97, the configurable values of these parameters were also agreed. One remaining issue is whether there is a need to introduce additional parameter(s).
In [7], it was proposed that the list of STC parameters, agreed in RAN1 #97, is complete hence no additional parameters is needed. In [8], three additional parameters are proposed: 
· Physical cell-ID (PCI); 
· RMSI association attribute to indicate CD-SSBs or non-CD SSBs
· Mute/no-mute attribute (discussed later in section 2.3)
The reasoning for the above proposal is that the DU is configured to transmit SSBs for different purpose: UE/IAB-MT initial access, UE RRM/RLM measurement and IAB-MT inter-node measurement. Therefore, a unified STC configuration without making distinction of the usage of the SSBs is proposed. For the PCI, this is already needed in the existing CU-DU split network architecture without IAB node deployment. In the GNB-CU CONFIGURATION UPDATE (F1-AP signaling from CU to DU), the following is provided
	Cells to be Activated List
	
	0..1
	
	List of cells to be activated or modified
	YES
	reject

	>Cells to be Activated List Item
	
	1.. <maxCellingNBDU>
	
	
	EACH
	reject

	>> NR CGI
	M
	
	9.3.1.12
	
	-
	

	>> NR PCI 
	O
	
	INTEGER (0..1007)
	Physical Cell ID
	-
	



It is not clear whether this needs to be provided in STC and how it relates to the NR PCI in this message. For RMSI association attribute to indicate CD-SSBs or non-CD SSBs, this may be useful when the SSBs are transmitted on the sync raster. However, it is not clear whether the priority should be given to the DU or controlled by the CU or OAM. When the SSBs are transmitted off the sync raster, they are always non-CD SSBs and this attribute is obsolete. Note that there may additional parameters that need to be discussed such as transmission power of the SSBs. 
In general, it should be discussed which part of the DU configuration should be handled by OAM directly and which should be handled by the donor CU. In addition, the overall IAB node configuration procedure is also related to IAB capability signaling. For example, an IAB node DU can report the number of cells and the number of beams for each cell to assist the configuration [1].  
Question 1: Which part of the DU configuration should be handled by the OAM directly and which should be handled by the donor CU?
Question 2: Is there a need for the IAB node to report its capability, e.g. the number of cells and the number of beams for each cell to assist the configuration.  

Proposed offline agreement: For IAB node discovery and measurements, the Physical cell-ID (0…1007) is provided in STC and the detailed signaling design is up to RAN3.

SSB reception configuration
Issue 2-1: Configuration details of SMTC
For SSB measurement configuration, a set of parameters as well as their configurable values were agreed in RAN1#96 and RAN1#97. There are two remaining issues regarding the configurable values for the SMTC window duration and the maximum number of PCIs per SMTC. 
In [4], it is proposed to introduce a longer SMTC duration. It was argued that a longer SMTC window duration can save the signaling overhead and when considering the case with more nodes involved, the signaling overhead reduction is significant.
In [1][3][5][7][8], the necessity of introducing a SMTC duration larger than 5ms is analyzed and the following are observed 
· [1]: If multiple half frames are covered by one SMTC window, some parameters of the SMTC window may be invalided and need to be redefined, e.g. the index of SSB-ToMeasure may indicate multiple positions, and the IAB MT may not know the physical cell IDs to be measured in each half frame.
· [3]: Longer duration of measurements may impact on flexibility of resource scheduling and data transmission because an IAB node cannot transmit other data within SMTC duration due to half-duplex constraint.
· [5]: Regarding the SMTC window duration, as the SSBs for inter-IAB node discovery and measurement are also confined in the 5ms half frame window and there are enough number of (at most 4) SMTC windows defined at one frequency location, we don’t see strong motivation to enhance the SMTC window duration larger than 5ms.    
· [7]: Reducing the signaling is less important than reusing the UE specification for MTs.
· [8]: Since all SS blocks in one SS burst (one STC) are still confined within 5ms, a SMTC window duration larger than one half-frame does not provide much additional information to reduce SSB measurement instances. 
· [8]: In order to support rather flexible resource allocation large SMTC windows (> 5ms) should be discarded. 
· [8]: The lack of mobility in the IAB case speaks also favors of smaller SMTC duration since the synchronization error is expected to be less problematic. 
· [8]: More efficient SSB measurement could be performed by using several small SMTCs of long measurement periodicity. 
Proposed offline agreement: For IAB node discovery and measurement
· The maximum SMTC window duration is 5ms.
· The maximum number of PCIs per SMTC (maxNrofPCIsPerSMTC) is 64.
Issue 2-2: SMTC configuration for multiple IAB-MTs within one IAB node
This was brought up in [8] where multiple IAB node MTs are included within one IAB node. This scenario was not discussed in RAN1 during the SI phase. In particular, its implications to resource allocation and timing alignment are not quite clear. Hence it is proposed to deprioritize the scenario in Rel-16.
Proposed offline agreement 2: The case where multiple IAB-MTs are included within one IAB node is deprioritized in Rel-16 IAB WI.
Collision resolution between STC and SMTC
Issue 3: Priority handling between STC and SMTC
One remaining issue is how to resolve potential collision between SMTC and STC. In summary, companies have different views 
· Alt 1: One company thinks configuring single STC or single SMTC with short periodicity with applying collision rule between STC and SMTC is not decent configuration, in terms of less flexibility on STC/SMTC window timing, incompliance with Rel-15 SMTC principle and RAN4 requirements, and/or poor SINR for inter-IAB node measurements, although it can provide a little bit signal overhead reduction [10]. One company thinks that conflicting SMTC and STC configurations can anyway be avoided by network implementation if SSB muting is considered too harmful [7].
· Alt 2: Two companies think SMTC should have higher priority over STC since the main use case of this is to have short STC and long SMTC [1][3]. When STC is longer than SMTC, multiple SMTC windows need to be configured since the cell detected in each SMTC window is different. The benefit of configuration overhead saving cannot be achieved [1][10]. It was proposed in [3] that if SMTC of higher priority blocks all SSB transmission opportunities in a STC for an IAB node, the corresponding SSB Tx/Rx configuration is regarded as incorrect network configuration.
· Alt 3: One company thinks that STC should always have higher priority than SMTC since the IAB node shall not mute the SSB transmissions that may be measured by other IAB nodes [4]. However, this may not be true since the “to be muted” SSBs may not fall into the measurement window of other IAB nodes. 
· Alt 4: Four companies think that there is no obvious priority between STC and SMTC [2][5][6][8]. In particular, one company proposed that the one with larger periodicity has higher priority [6]. In [2][8], two types of SSBs can be configured: one that can be muted and the other cannot be muted. 
Note that the possibility of configuring non-overlapping STC and SMTC is already allowed. The question is whether there is any benefit by allowing the overlapping of STC and SMTC. It was pointed out in [1][3] signaling overhead can be reduced by defining a smaller STC periodicity and larger SMTC. While the signaling overhead reduction cannot be achieved by defining a smaller SMTC periodicity and larger STC. Hence, it may be helpful to discuss whether there is a need to prioritize STC in case of collision. On the the hand, Alt.4 seems to be a good compromise to accommodate all the possibilities.
Proposed offline agreement 3: The priority between SMTC and STC is configurable, 
· If the SSBs is configured with an attribute as “muted”, SSBs will be muted in case of collision of between STC and SMTC
· [bookmark: _GoBack]If the SSBs is configured with attribute as “not-muted”, SSBs will be not muted in case of collision of between STC and SMTC
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Measurement procedures
In [6], the motivation of introducing new measurement procedures is provided. Since IAB nodes have fixed location, full sweep of all beams are not necessary in RRM measurement. Only a limit set of specific beams can be required. However, to obtain which beams are necessary, some procedure for discovery with full sweep of all beams can be adopted. For this purpose, it would be sufficient to use semi persistent or aperiodic transmission and measurement, not periodic. Those procedure can be triggered by a donor upon a certain set of conditions (e.g., joining a new IAB node). The proposed new measurement procedure is beneficial to assist the inter-IAB node discovery and measurement. However, the specification effort needs to be analyzed further. 
Offline discussion: Discuss whether new measurement procedure is needed and the detailed specification impact.
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Appendix: RAN1 agreements
RAN1 AH1901
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 

RAN1#96
Agreements:
· The SSBs for IAB inter-node discovery and measurements are defined with a framework using the characteristics of the Rel 15 SMTC framework with the following enhancements: 
· The maximum number of SMTC windows that can be configured for an IAB node, referred as max( NRX ), is at least 3
· FFS whether max( NRX ) needs to be greater than 3
· FFS whether or not to extend existing SMTC window configuration
· Each SMTC window is provided its own independent configuration (e.g. periodicity, offset, duration)
· Introduction of SSB transmission configurations (STC) indicating SSB transmission(s)
· FFS details
· FFS how to resolve potential collision between SMTC and STC

RAN1#96bis
Agreements:
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements
Agreements:
For IAB node discovery and measurements, at least the following information should be provided in STC
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit 
· The SSBs to be transmitted in the half frame
· FFS configuration information other than above
· FFS some of the parameters can have default values, e.g. reuse the same value of the cell-defining SSBs.
· Note: The detailed signaling design is up to RAN3.
Agreements:
For IAB node discovery and measurements, an IAB node DU can be configured with zero, one or multiple STCs.
· FFS the maximum number of STCs
· FFS the dependency of multiple STCs
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.

RAN1#97
Agreements:
All parameters in STC for inter-IAB-node discovery and measurement are provided explicitly, i.e. the default values for the parameters in STC will not be discussed further in RAN1.
Agreements:
The configurable values of the parameters in STC for IAB node discovery and measurement are provided in the following
· SSB center frequency: 
· ARFCN-ValueNR
· SSB subcarrier spacing: 
· FR1: 15khz, 30khz
· FR2: 120khz, 240khz
· SSB transmission periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms (agreed in RAN1 #96bis) 
· SSB transmission timing offset in half frame(s)
· [0, … , (number of half frames within SSB transmission periodicity) – 1]
· The index of SSBs to transmit (the SSBs to be transmitted in the half frame)
· Same as Rel-15
· FFS additional parameter(s) other than above
Agreements:
For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4.
· Note: this number does not include the cell-defining SSBs for initial access
Agreements:
Each STC is independently configured when multiple STCs are configured.
· Up to RAN3 to decide that if SSB index is common across two or more STC configurations, whether additional signalling optimization is necessary or not
Agreements:
The configurable values of the parameters in the SSB reception configurations including SMTC for IAB node discovery and measurement are provided in the following
· SMTC window periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms
· SMTC window timing offset: 
· [0, ..., (number of subframes within SMTC window periodicity) – 1]
· SMTC window duration: 
· [1, …, 5] (subframes)
· FFS larger than 5
· List of physical cell IDs to be measured
· [cell ID 0, …, cell ID M-1 ]
· FFS value of M
· SSB-ToMeasure 
· Same as Rel-15
