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In RAN1 #95 [1], the following agreements were achieved:
	Agreements:
· Details of signalling for IAB node initial access and Stage 2 inter-IAB node discovery and measurement, including SMTC/CSI-RS/RACH configurations and RMSI enhancements, as well as for coordination across IAB nodes are to be further considered in the WI stage.


In RAN# 82, the IAB WI is approved and the objectives of WI include: 
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.
· 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). 
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
· Specification of mechanism to support the “case-1” OTA timing alignment.


In this contribution, we focus on the SSB-based discovery and measurement for IAB. The SSB set TX/RX patterns are discussed to support mutual discovery among IAB nodes. In addition, the potential new SSB time domain mapping patterns are discussed.
[bookmark: _Ref129681832]Discussion
SSB-based measurement
During the SI phase, the SSB based inter-IAB node cell search and measurement in Stage 2 (after the IAB-node DU becomes active) was agreed. In particular, the SSB resources for inter-IAB cell search and measurement should be orthogonal to that for access UEs via TDM and/or FDM in order not to cause any negative impact to the access UEs. 
To enable the mutual discovery and measurement among multiple IAB nodes, the donor should coordinate the SSB transmission/reception for the IAB nodes. With coordinated configurations, each IAB node should be able to discover and measure other IAB nodes during its reception occasions (i.e., SMTC), and also be discovered and measured by other IAB nodes during its SSB transmission occasions. Therefore, we have the following proposal:
Proposal 1: The SSB transmission/reception for IAB node mutual discovery and measurement should be configured in a centralized manner by the donor node.
Figure 1. The SSB transmission/reception among IAB nodes
Several SSB transmission/reception mechanisms were proposed in [2-4] to enable inter IAB discovery and measurement. Although the details of these schemes differ, the basic idea could be generalized in a unified framework, as follows
· Define the SSB set TX/RX pattern in a group with total K SSB sets
· Within this group, K1 SSB sets are used for reception/measurement (RX) and the remaining (K-K1) SSB sets are used for transmission (TX)
· Each IAB node is configured with a specific SSB TX/RX pattern for mutual discovery or measurement
With this framework, the SSB set TX/RX pattern in Figure 1 can be defined as pattern (1, 3), meaning that 1 SSB set occasion in the 3 SSB set occasions will be muted for reception and measurement. Therefore, 3 SSB set TX/RX patterns can be defined as shown in Figure 2. Obviously, 3 IAB nodes could be discovered and measured with each other using these 3 patterns.
Similarly, the SSB set transmission/reception patterns in [2-4] can also be defined. To be more specific, the TX/RX patterns in [2] can be implemented by letting K=2 and K1=1, the TDM of SSB set in [3] can be implemented by letting K equals to the hop number and K1=K-1, and the group-based measurement in [4] can be implemented by letting K equals to the group number and K1=1. 
 
Figure 2: SSB set transmission/reception pattern
Observation 1:  The SSB set TX/RX pattern for IAB node mutual discovery and measurement can be defined as pattern (K, K1), where K represents the total SSB sets occasions in a group and K1 is the number of SSB reception/measurement.
Observation 2: For K IAB nodes, K SSB set TX/RX patterns (1, K) can be defined to support mutual discovery and measurement with the measurement period set to K.
Although the SSB set TX/RX pattern (1, K) can enable IAB node mutual discovery or measurement for K IAB nodes, it leads to increasing measurement period with the increasing number of IAB nodes. To solve this issue, some additional mechanisms can be considered, e.g. pattern hopping among the SSB set groups for an IAB node. Figure 3 shows an example, if the SSB set TX/RX pattern for an IAB node is kept fixed in any SSB set group, the maximum number of IAB nodes that can be discovered/measured is 3 (e.g., IAB node #0/#4/#8).  If the TX/RX pattern changes in different groups, the maximum number of IAB nodes that can be discovered/measured becomes 9 with the 6 SSB sets occasions. For comparison, if there is no pattern hopping, 9 SSB sets occasions are needed for the discovery/measurement of 9 IAB nodes. Therefore, if the number of IAB nodes that needs to be mutual discovered/measured is large, pattern hopping can be introduced to reduce the SSB sets occasion overhead.
Observation 3: SSB set TX/RX pattern hopping in different SSB set groups is beneficial to support a large number of IAB nodes.
In the above example, pattern hopping is based on two SSB set groups. To generalize this, if the pattern hopping is based on M SSB set groups and K SSB set occasions are assumed in each group, the number of supported IAB nodes is . Therefore, the donor can determine M and K, according to the number of IAB nodes, and configure the SSB TX/RX patterns for each IAB node.
From signaling perspective, the SSB TX and RX pattern can be configured to the DU and MT separately by the donor node, and furthermore, if the transmission and reception occasions are overlapped for an IAB node, the SSB transmission in the overlapped occasions should be muted, i.e., SSB reception is prioritized. 
Without pattern hopping, the current SMTC configuration can be reused to obtain the RX pattern. However, if the pattern hopping mechanism is introduced, the current SMTC configuration should be extended. A non-constant measurement offset among measurement groups seems necessary. As an example in Figure 3, the SMTC and the non-constant measurement offset for the 9 IAB nodes can be configured as in Table 1.
Table 1. SMTC for the 9 IAB nodes in Figure 3
	IAB nodes
	Periodicity of SMTC*
	Offset in group #n
	Offset in group #n+1

	IAB node #0
	3
	0
	0

	IAB node #1
	3
	1
	0

	IAB node #2
	3
	2
	0

	IAB node #3
	3
	0
	1

	IAB node #4
	3
	1
	1

	IAB node #5
	3
	2
	1

	IAB node #6
	3
	0
	2

	IAB node #7
	3
	1
	2

	IAB node #8
	3
	2
	2


Note*: The units of the periodicity and offset is the periodicity of SSB transmission

         						Figure 3:  SSB set TX/RX pattern hopping illustration
Therefore, we have the following proposal:
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. 
Proposal 3: In case of SSB transmission and reception conflict for an IAB node, the SSB transmission is muted.
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.
In addition, as two special cases, (0, K) and (K, K) can be supported, representing the SSB always-TX and always-RX pattern respectively.
Time domain mapping of SSB
In RAN1 #94bis [5], the following agreements for the SSB transmission and reception in stage 2 were achieved:
An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2
· For SA, means that SSBs transmitted on the currently defined sync raster follows the currently defined periodicity for initial access 
· Means that Solution 1-B implies SSB, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSB used for UE cell search and measurements
Based on the agreements, we discuss the SSB time domain mapping pattern for IAB node discovery/measurement. There are two existing SSB mapping patterns for the access UE in FR2, i.e. Case D and Case E, corresponding to 120 KHz SCS and 240 KHz SCS, respectively.
· Case D: 120 KHz SS/PBCH block

Figure 4. 120 KHz SS/PBCH block mapping pattern for access UEs
For 120 KHz SCS, there are 40 slots in a 5ms half frame, and 32 slots contain SS/PBCH block candidates for access UEs, which is shown in Figure 4 [6]. Uplink slots can be placed in the left 8 slots. Therefore, it is impossible to insert any other SSB within this 5ms half frame. The only feasible option to place the SSB for IAB node discovery/measurement is shown in Figure 5, i.e., the SSB sets for access UEs and IAB node discovery/measurement should be placed in different half frame, and the SSB time domain mapping details should follow the same as that for access UE.
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.

        Figure 5. SSB time domain multiplexing for access UE and IAB node
· Case E: 240 KHz SS/PBCH block

Figure 6. 240 KHz SS/PBCH block mapping pattern for access UEs
For 240 KHz SCS, there are 80 slots in a 5ms half frame, and 32 slots contain SS/PBCH block candidates, which is shown in figure 6. For this case, there are two options for the IAB node SSB time pattern design. 

Figure 7. SSB time domain multiplexing for access UE and IAB node (Option 1)
Option 1:
For option 1, the SSB for IAB node discovery/measurement is inserted in the same 5ms half frame as that for access UEs, and a new timing domain mapping pattern is introduced, which is shown in Figure 7.
Option 2:  
The purpose of this SSB pattern, illustrated in Figure 8, is to leave more opportunities for potential uplink transmission/reception. In [7], we discuss the PRACH design for IAB, and find that the existing PRACH resource is not enough for the orthogonal design between MT and DU of an IAB node. It seems that more uplink resource is needed to solve the PRACH conflict issue. With the SSB pattern in Figure 8, the PRACH resource orthogonality between MT and DU can be easily achieved. 

Figure 8. SSB mapping (Option 2)
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.
Conclusions
In this contribution, we discuss the SSB-based measurement for IAB. Based on the discussion, we have the following observations and proposals:
Observation 1:  The SSB set TX/RX pattern for IAB node mutual discovery and measurement can be defined as pattern (K, K1), where K represents the total SSB sets occasions in a group and K1 is the number of SSB reception/measurement.
Observation 2: For K IAB nodes, K SSB set TX/RX patterns (1, K) can be defined to support mutual discovery and measurement with the measurement period set to K.
Observation 3: SSB set TX/RX pattern hopping in different SSB set groups is beneficial to support a large number of IAB nodes.
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. 
Proposal 3: In case of SSB transmission and reception conflict for an IAB node, the SSB transmission is muted.
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.
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