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Introduction
[bookmark: _Hlk510705081]During the study item phase of IAB, it was agreed [1] that Stage 2 discovery and measurements, taking place after an IAB node has accessed the network and has been activated for IAB operation, can be based on SSB (Solution 1) or CSI-RS (Solution 2) detection. The SSB-based solutions were divided further to categories 1-A as utilizing SSBs transmitted for UEs and 1-B as relying on IAB specific SSBs orthogonal to SSBs transmitted for UEs. 
Solution 2 can be realized with the existing signaling. IAB DUs are configured for CSI-RS transmission and IAB MTs for CSI-RS measurements.   
TX of SSBs for Solution 1-A is a network configuration issue with existing signaling. As blanking of SSBs transmitted for UEs is not possible, mutual discovery in presence of half-duplex constraint is possible only by configuring time orthogonal SSB transmissions for nodes that might benefit each other’s discovery. Configuration for SSB reception would need similar signaling as with Solution 1-B.  
[bookmark: _GoBack]Solution 1-B obviously needs new specification also for SSB TX and the corresponding objective of IAB WID [2] is  
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). 
For muting of SSBs in Solution 1-B it was agreed for [1] that 
· For SA frequency layer, the SSBs for inter-IAB cell search in stage 2 are not on the currently defined sync raster. 
· For an 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.
As a node mutes SSBs to receive other node’s SSBs, SSBs that may be muted should not overlap in time with SSBs transmitted for UEs, which was also noted in [1]. (This note was needed mainly for SA as this is directly implied by the second bullet above for NSA). Furthermore, as a clarification it was noted that 
A. on SA frequency layer SSBs transmitted on the currently defined sync raster follow the currently defined periodicity for initial access.

In the RAN WG1 ad-hoc meeting 1901, it was agreed that  
· 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 the following we discuss aspects of Solution 1-B.
Discussion
Half-frame based SSB resource allocation 
In Rel-15, an SSB set is transmitted within a half-frame. It is not expected that the number of SSB-beams needed for IAB nodes would be larger than for normal nodes, and in this respect the existing system is enough. Spreading transmission of an SSB set over multiple half-frames would reduce the SSB overhead in a half-frame, which would be more important for IAB nodes than for regular nodes because more link directions (BH UL and DL) need to be supported with IAB nodes. However, IAB nodes need to transmit SSB sets within half-frames for access UEs more frequently than for IAB Stage 2 discovery and measurements. Therefore, the benefit of extending SSB set TX over multiple half-frames would be limited.
Proposal 1: An SSB set for Stage 2 discovery is confined within a half-frame using Rel-15 SSB starting symbol configuration.
If proposal 1 is acceptable, the simplest way is that there is a configuration that is common for all IAB nodes for indicating which half-frames are generally used for Stage 2 SSB TX/RX. There is no reason to have a complex configuration of such half-frames, but they could be indicated simply by a period and an offset. Other common parameters would be the number n of TX/RX half-frames in SSB TX/RX pattern i.e. the periodicity of SSB TX and the starting offset of a pattern. Besides the general parameters, node specific configurations would tell which of the generally defined SSB TX/RX opportunities are used by a node. This kind of configuring is depicted in Figure 1 where the upper part shows the general TX/RX half-frame configuration and the lower part a node specific configuration that, as an example, consists of two half-frames with SSB TX and two half-frames with SSB RX. We believe that this way of configuring is flexible enough and propose,
Proposal 2: Configuration common for all nodes tells which periodically appearing half-frames are used for Stage 2 SSB TX and RX and what the periodicity of SSB TX is i.e. the length of TX/RX patterns. Node specific configuration tells which of the TX/RX opportunities within a pattern are used by the node for TX and which can be used for RX.

[image: ]
Figure 1: Half-frame based SSB resource allocation for Stage 2 discovery.
Different alternatives may be considered for the node specific configurations and here we list some examples:
A. The used TX and RX opportunities are indicated separately for each half-frame in an SSB period of n. This means that two bitmaps of n*p bits are needed (n is the periodicity in SSB TX/RX half-frames; p is the number of SSB opportunities in a half-frame; p=64 in case of 120kHz SCS). This would allow fully flexible configuration of RX and TX if the maximum number of opportunities per half-frame is not needed for transmitting an SSB set. For instance, if p = 64, but a node would have only 16 beams, it could be configured to transmit in some 16 opportunities in one half-frame and in some other 16 opportunities in another half-frame. And the RX opportunities could be similarly configured according to allocation of TX opportunities of the other nodes in the neighborhood. This would allow maximizing the number of patterns for mutual discovery with half-duplex operation.
B. Bitmap of n bits indicates the half-frames with TX and a single bitmap of 64 bits indicates the used TX opportunities within a half-frame (same opportunities used in every half-frame configured for TX). Bitmap of n*64 bits indicates the used RX opportunities. Justification of different way of configuring TX and RX would be that a node transmits always SSBs for the same beams in each half-frame with TX, but as different nodes may transmit in different half-frames the optimal configuration for RX may vary between half-frames and could be known in the coordinating unit.
C. TX is configured as above in B, and a node does not receive SSBs in half-frames where it transmits SSBs. If there is TX in k half-frames, need (n-k) bitmaps of p bits for configuring RX fully flexible or just a bitmap of n-k bits for indicating the RX half-frames and p bits assuming that used RX opportunities are the same in every RX half-frame. 
       
The maximum value of the periodicity n can be rather small. Assuming that the nodes have so many SSB beams that two nodes cannot transmit their SSB sets in different TX opportunities of a half-frame, TX and RX of a node would take place in different half-frames and the maximum number of TX-RX patterns would be  that is obtained by choosing the number of transmitted SSB sets in a period to be k=n/2. For instance, n = 8 would give 70 patterns, which could be enough for easy re-use of patterns. In Table 1, we show the number of patterns obtained also with other numbers of k and corresponding to different number of non-overlapping SSB sets fitting to a half-frame. For the table, it is assumed that a node transmits at most one SSB set in a half-frame. With the alternative A, n=8 and p=64 would mean 2*8*64 = 1024 bits for configuring SSB TX and RX. Configuration message would be sent once when a node is being deployed (in the beginning maybe only for SSB RX) and after that maybe only if new nodes are deployed to or some nodes removed from the neighborhood. 
Observation 1: SSB TX and RX configuration may happen so seldom that optimized signaling of indicating TX and RX opportunities is not very beneficial.
Table 1: Number of SSB TX/RX patterns
	Periodicity (n)
	Number of non-overlapping SSB sets fitting in a half-frame
	Number of SSB sets transmitted by a node in a pattern (k)
	Number of patterns

	4
	1
	2
	6

	4
	2
	2
	24

	4
	2
	3
	32

	4
	3
	2
	54

	4
	3
	3
	108

	6
	1
	3
	20

	6
	2
	3
	160

	6
	2
	4
	240

	6
	3
	3
	540

	6
	3
	4
	1215

	8
	1
	4
	70

	8
	2
	4
	1120



Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer
In (UE) NSA frequency layer, SSBs are not needed for UE initial access, which means that SSBs on the synchronization raster can be transmitted with longer than 20 ms periodicity, and it was agreed [3] that for initial access IAB nodes may assume 16 frames periodicity. In this NSA case, the SSBs can be shared for Stage 1 and Stage 2 discovery if the Stage 2 periodicity is equal to or shorter than 16 frames so that every SSB TX repeats after 160ms. (Stage 2 periodicities 16, 8, 4, 2, 1 and ½ frames would do.)  
Observation 2: Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer is possible if the Stage 2 SSB periodicity is not larger than 16 frames.
For sharing, all the SSBs would be transmitted on the synchronization raster but, if periodicity larger than 160 ms is needed for Stage 2, separate SSBs must be transmitted for Stage 1 and 2 discovery: there would be SSBs for Stage 1 discovery on a frequency of the synchronization raster and off-raster SSBs for Stage 2 discovery. We propose that the sharing is allowed:
Proposal 3: In (UE) NSA frequency layer, if Stage 2 SSB periodicity is less than or equal to 16 frames, Stage 2 SSBs may be transmitted on a frequency of the synchronization raster so that they are used also for Stage 1. 
Conclusion
Our observations and proposal on Stage 2 SSBs are:
Proposal 1: An SSB set for Stage 2 discovery is confined within a half-frame using Rel-15 SSB starting symbol configuration.
Proposal 2: Configuration common for all nodes tells which periodically appearing half-frames are used for Stage 2 SSB TX and RX and what the periodicity of SSB TX is i.e. the length of TX/RX patterns. Node specific configuration tells which of the TX/RX opportunities within a pattern are used by the node for TX and which can be used for RX.
Observation 1: SSB TX and RX configuration may happen so seldom that optimized signaling of indicating TX and RX opportunities is not very beneficial.
Observation 2: Sharing of SSBs for Stage 1 and 2 discovery in (UE) NSA frequency layer is possible if the Stage 2 SSB periodicity is not larger than 16 frames.
Proposal 3: In (UE) NSA frequency layer, if Stage 2 SSB periodicity is less than or equal to 16 frames, Stage 2 SSBs may be transmitted on a frequency of the synchronization raster so that they are used also for Stage 1. 
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