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Introduction
[bookmark: _Hlk510705081]This document discusses IAB node’s SSB and CSI-RS transmission and reception based mainly on the agreements and questions raised in RAN1 #94 meeting [1].
Section 2.1 is about IAB node’s SSB transmission for access UEs and how that relates to allocation of different link directions (BH/access/UL/DL).
In Section 2.2 we discuss IAB initial access to a node that supports SA for IAB but only NSA for all access UEs.
Section 2.3 deals with discovery and measurements after a node has been activated for IAB operation. The alternatives of SSB based discovery are considered in Section 2.3.1, CSI-RS based discovery discussed in 2.3.2, and a summary presented in 2.3.3.  
Discussion
[bookmark: _Hlk525290829]SSBs for UE measurements in presence of IAB
UEs are assuming regular transmissions of SSBs and CSI-RSs for mobility measurements. Such regular transmissions must be of highest priority also with IAB i.e. when IAB nodes and Donors are transmitting reference signals for UE mobility, they should follow the (access UEs’) SSB and CSI-RS TX configuration irrespective of the slot configuration for certain transmission direction. For instance, an IAB node could transmit SSBs for access UEs in a slot that in the absence of SSB TX is configured for BH DL reception. It is up to network implementation if SSB and CSI-RS transmissions are configured so that they would always take place in DL TX slots. Figure 1 depicts SSB configuration alternatives for slot wise TDM between access and BH. In this case, assuming equal UL/DL division, only every 4th slot is a DL TX slot for an IAB node and the upper part of the figure shows utilizing only these slots for SSB transmission. The lower part of the figure shows the alternative where, for minimizing UEs’ SMTC duration, SSB transmissions are packed to a smaller number of slots. The figure is drawn for SSB set length of eight SSBs.
Observation 1: SSB transmission for UEs may override allocation of slots for BH/access and UL/DL.     
[image: ]
Figure 1: Two approaches for SSB transmission in presence of IAB.
With SSBs and CSI-RSs transmitted for IAB measurements, more irregular transmissions could be allowed by some specification options as discussed below. 
             
IAB Node’s initial access in NSA deployment  
After RAN1 #94, the agreement and FFS issues on initial IAB Node access are:
Agreements:
· In case of SA deployments, initial IAB node discovery by the MT (Stage 1) follows the Rel.15 procedure for cell search and initial access based on SSBs available for access UEs without additional required specification support.
· FFS: how to support NSA deployment

· FFS whether Stage 2 enhancements (if any) can be applied to Stage 1

Supporting IAB with NSA deployment was discussed in [2]. A configuration to consider is that only NSA is supported for access UEs but IAB MTs could have SA connection to a Donor. Then NR cell may transmit SSBs for access UE measurements and no associated RMSI is needed for access UEs as those do not make initial access to a NR cell. On the other hand, RMSI (possibly with reduced content) would need to be sent for IAB MTs’ initial access but such RMSI should be ignored by access UEs.
The absence of RMSI is normally indicated by certain SSB subcarrier offset field values (kSSB) in MIB but this way is not available if MIB must indicate SSB subcarrier offset and RMSI PDCCH configuration for IAB nodes. (If kSSB indicates there is no associated RMSI, the RMSI PDCCH configuration bits are used for giving frequency information for searching of SSBs with associated RMSI). 
After initial access and activation for IAB, an IAB node may be instructed to search and measure IAB specific SSBs. To avoid UEs detecting these SSBs, it has been proposed (e.g. in [3]) that these SSBs are sent with frequency offset relative to the synchronization raster. However, such offset would not be reasonable for SSBs that are meant for IAB nodes’ initial access. Offset would mean complicating the search of IAB parent nodes unless off-raster SSBs would be sent for IAB node initial access also in SA deployment. That would mean resource waste and would be against the agreement that in SA deployment IAB nodes follow the UE initial access procedure.     
A solution could be that MIB would indicate that the cell is barred. Then access UEs would not have a reason to try RMSI decoding but for IAB Nodes it would be specified that they would anyway try to decode RMSI if kSSB indicated that RMSI is present. RMSI could include an indication that the cell is available for IAB nodes to access or IAB specific RMSI format or scrambling could be used to indicate that RMSI is meant for IAB nodes.    
Proposal 1: Even if MIB indicates a barred cell, the cell could be allowed for IAB nodes that should try to receive RMSI for indication on allowed access.   
In [2], a few ways of saving resources were proposed for the deployment with NSA for UEs and SA for IAB nodes: (1) SSBs for IAB initial access could be transmitted with periodicity longer than 20 ms, (2) RMSI could be transmitted with longer periodicity than IAB SSBs, and (3) RMSI could be reduced to contain only parameters needed for random access. Assuming long SSB periodicity for IAB initial access (e.g. the maximum 80 ms that is the MIB TTI) would be a simple and should be a sufficient method of resource saving. There is no need to minimize time for initial access as that should take place very rarely. Losing connection to a parent due to signal blockage may happen suddenly but such situation must anyway be handled much faster than is possible through searching of SSBs for initial access to another node.
Proposal 2: With access UE NSA deployment, SSBs for IAB SA initial access are transmitted with long periodicity, and no other optimizations for resource savings are needed.    
[bookmark: _GoBack]Besides the necessary changes for NSA deployment, other modifications of the UE initial access procedure for IAB nodes should be minimized for simplicity. Some signalling (e.g. on hop count and loads) for guiding the access to the best IAB supporting node could be introduced as has been discussed in RAN2 and 3. 

IAB node discovery and measurements after IAB node DU has become active 
In #94 meeting, RAN1 discussed IAB node discovery in stage 2 i.e. after initial access when node’s backhaul connection has been activated. The agreements and FFS issues are:       
Agreements:
· For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) at least one of the following solutions should be supported:
· SSB-based solutions (Solution 1):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
· Mechanisms to support half-duplex transmission/measurement of SSBs (e.g. muting patterns) for Solution 1-A) or Solution 1-B) 
· Further study potential impacts of the above solutions on access UEs performing initial access/in IDLE mode, including:
· Cell detection/measurement performance impact due to loss of SSB occasions due to muting
· Discovery of SSBs by access UEs which are intended only for IAB node discovery
· CSI-RS based solutions (Solution 2)
· Feasibility of CSI-RS only based discovery in case of unsynchronized network operation 
· Further study enhancements to existing configurations (e.g. SMTC and CSI-RS configuration) and inter-node coordination (e.g. F1) for Solutions 1) or 2) and possibility of aperiodic transmission of SSBs/CSI-RS
In the following subsections we discuss some of the above SSB issues.

Issues on SSB based IAB discovery 
The issues in SSB based discovery are (1) if IAB specific SSBs are needed or can IAB discovery be based on SSBs sent for access UEs and (2) SSB muting for measurements with half-duplex nodes, and (3), if IAB specific SSBs are used, how to avoid UEs confusing them with SSBs sent for them.    
IAB discovery based on SSBs sent for access UEs (Solution 1-A)
In [4], it was proposed that IAB node discovery could be based on the same SSBs that are send for access UEs. In this scheme it is not possible to handle the half duplex limitation by distributing SSB transmissions of different nodes in time as SSBs of different nodes should rather be confined in single narrow time regions for efficient UE measurements. Then, a fraction of the SSB sets would need to be muted, and the question is how this would disturb UE measurements. PBCH was designed for allowing soft combining between PBCHs corresponding to the same SSB time index. Although UEs are not mandated to do soft combining to reach the performance target, it cannot be excluded that soft combining is implemented in some UEs and these UEs could suffer from muting. It is difficult to evaluate the effect of muting as different implementations of soft combining are possible. 
Another factor is the requirements for the IAB discovery i.e. what should be the periodicity of muting. Deployment of a new IAB node is a rare event, and discovering a newly deployed node could be allowed to take even seconds. However, there could be other situations where more rapid discovery and frequent muting would be desirable. 
Observation 2: Solution 1-A (SSB based discovery by reusing SSBs sent for access UEs) requires muting of SSBs affecting the access UEs. It is FFS what will be the requirements for the IAB monitoring and hence, how much the muting will affect regular SSB transmission.            
   
Multiplexing between access UE SSBs and IAB specific SSBs (Solution 1-B)
Simple alternatives of multiplexing between IAB and access UE SSBs are shown in Figure 2. In the upper part there is an example of half-frames carrying SSB sets both for access UEs and IAB, which allows the minimum 5sf periodicity for access UE SSB transmission. In the lower part, access UE and IAB SSBs are transmitted in different half-frames. Depending on the number of (SSB) beams, either the lower or both configurations could be suitable for a node. The lower configuration needs to be used by all the nodes in a group where mutual discovery is desired and the upper configuration is not suitable for at least one node.  
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Figure 2: Multiplexing between access UE and IAB SSBs.
Muting of SSBs (in Solution 1-A or 1-B)
The selected approach may depend on how much information for assistance will be provided for the IAB SSB detection. With minimal co-ordination of SSB transmissions between the nodes, it could be specified, like with access UE SSBs, that IAB SSBs are transmitted and received in certain slots within windows know to all nodes. A node could decide randomly or following a pseudorandom sequence the windows where it transmits its SSB sets. In the other windows it would receive. An upstream (i.e. parent) node should know its downstream node’s IAB TX-RX pattern in order to schedule the link direction optimally (e.g. avoiding guard times for TX-RX and RX-TX turnings). With random patterns, separate signalling would be needed (e.g. the upstream node deciding the TX-RX pattern of its downstream nodes) whereas if pseudorandom patterns were derived e.g. from nodes’ PCIs, the pattern of the downstream node could be readily known to the upstream node. Another benefit of pseudorandom patterns would be that if a node succeeds in detecting one of the SSBs sent by another node, it knows based on the PCI in which windows to search other SSBs of the node. Pseudorandom or random TX-RX patterns are depicted in Figure 3.
[image: ] 
Figure 3: Random or pseudorandom TX-RX patterns for IAB SSBs
An alternative for (pseudo)random patterns would be TX-RX patterns that allow mutual discovery opportunities within a group of nodes in a fixed number of TX-RX phases. When the length of a TX-RX pattern is N and the number of TX phases in a pattern is M, the number of patterns for mutual discovery is  Figure 4 shows as an example the -patterns. With -patterns, network should coordinate the reuse of patterns.
Both with (pseudo)random and -patterns, the SSB TX/RX windows could be contained in the periods of fixed allocation between the different link directions. (The windows with fixed allocations could be separated with tens of ms long periods of flexible allocations of link directions.) The SSB transmissions could occur in the DL TX slots of the windows of fixed allocation. 
 [image: ]
Figure 4:  TX-RX patterns allowing mutual discvery of IAB SSBs in four TX/RX phases for a group of six nodes.

The main differences between the (pseudo)random and -patterns are that 
(1) With -patterns, the maximum number of TX-RX windows needed for mutual discovery is fixed while with (pseudo)random patterns can be varying. 
(2) With -patterns, averaging over multiple windows is possible as soon as the positions of the windows are known while with pseudorandom patterns at least the pattern defining seeds, e.g. PCIs, of the nodes in the vicinity should be known, and (3) co-ordination for pattern reuse is necessary with -patterns.    

Observation 3: -patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.    
[bookmark: _Hlk525843377]Avoiding UE confusing access UE and IAB SSBs (in Solution 1-B) 
It should be avoided that UEs could try to base cell search on IAB specific SSBs as these are not sent on regular basis due to the half-duplex limitation. Avoiding completely access UEs detecting IAB SSBs may not be possible, as even off-raster SSBs may be detected by a UE that is searching the first synchronization source. But just like with off-raster access UE SSBs, MIB of an IAB SSB should direct UEs to detect on-raster SSBs with RMSI-PDCCH-Config. This would work if associated RMSI need not be transmitted with IAB specific SSBs, which could be possible because those SSBs are not meant for initial access.   
Observation 4: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.     
   
	CSI-RS based IAB link discovery and monitoring 
Whether discovery can be based on CSI-RS depends on the assumptions on network synchronization and IAB node mobility. It seems obvious that in asynchronous network or if mobile IAB nodes must be supported, SSB based solution must be used to simplify search as in those conditions relative timings can drift and/or new nodes may become detectable or earlier detected nodes disappear due to node movements. Furthermore, the measurements in those conditions should be periodical to track the changes.
[bookmark: _Hlk525841383]The situation is different with stationary IAB nodes in a synchronous network. In that case, discovery and measurements could be handled by network co-ordinated CSI-RS transmissions: An IAB node may be ordered to transmit CSI-RS whose sequence and resource is known to nearby nodes that are ordered for measurements. The coordination could rely on the measurements that each node does on the (access UE) SSBs of earlier deployed IAB nodes before it is activated for IAB operation. The node that is being deployed would report the IAB nodes it has discovered in this initial phase and based on the report network would know which node-pairs should measure each other’s CSI-RS’ for discovery and for beam refinement to form an active or redundant IAB connection and to monitor the quality of the connections. 
In summary, in synchronized network with stationary IAB nodes, the discovery could be handled by the search of (access UE) SSBs before activation for IAB operation, followed by CSI-RS detection after activation. There would not be questions of how to handle SSB transmissions for access UEs and IAB in a single node, and how to configure SSB transmissions for the mutual discovery of IAB nodes.
Observation 5: In synchronized network and with stationary nodes, IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases. 
Our assumption is that, besides monitoring quality of active IAB connection(s), IAB nodes should measure quality of some candidate links to which the BH connection may be handed over in case of a failure on the active link(s). For monitoring over candidate links, CSI-RS transmissions and reception can take place the way it is specified for mobility measurements, and the same configurations would be used for CSI-RS based IAB discovery. For mobility, UE can be configured to measure multiple CSI-RS (per PCI) with periodicity between 4 and 40ms, with fully flexible slot and symbol offset, and with certain frequency domain allocation and sequence. If associated SSB is not indicated, UE bases the timing on the timing of its serving cell. This way of configuring can be used as such for IAB measurements. UEs can be configured to report measurement results per CSI-RS or per cell. In case of IAB, results per CSI-RS rather than averaging over multiple beams would be more meaningful as long as only stationary nodes are considered. 
For IAB, the maximum periodicity of CSI-RS transmission could be larger than 40ms. Another way of avoiding unnecessary resource use would be network triggering a set of measurements (and reference signal transmissions) only when seen useful.                     
Because of the flexible resource configuration of CSI-RS half-duplex constraint is not problematic.  
Observation 6: CSI-RS based IAB link discovery and monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB. 

Summarizing comparison of solutions for IAB discovery
[bookmark: _Hlk525842537]As a summary we concluded that:
· Solution 1-A (based on access UE SSBs) has some specification impact due to muting patterns, means no overhead, but can be an option only if the impact to access UEs is considered acceptable.
· Solution 1-B (based on IAB specific SSBs) has the largest specification impact and overhead.
· Solution 2 (CSI-RS based) could be implemented without standard changes and therefore could be an implementation option. The CSI-RS based measurements are anyways needed and the discovery could be based on similar measurements. The assumption is that, like with normal UE mobility measurements, network can anticipate which nodes might be able to detect each other and configures the measurements for discovery based on this information. In asynchronous networks or with moving nodes, SSBs would be needed for simple timing determination.    
Observation 7: CSI-RS based discovery (Solution 2) can be an implementation based solution for synchronous networks with stationary IAB nodes.

Conclusion
Our observations and proposals on SSB and CSI-RS TX and RX in presence of IAB nodes are: 
Observation 1: SSB transmission for UEs may override allocation of slots for BH/access and UL/DL.
Observation 2: Solution 1-A (SSB based discovery by reusing SSBs sent for access UEs) requires muting of SSBs affecting the access UEs. It is FFS what will be the requirements for the IAB monitoring and hence, how much the muting will affect regular SSB transmission.            

Observation 3: -patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.    
Observation 4: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.     
Observation 5: In synchronized network and with stationary nodes, IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases.   
Observation 6: CSI-RS based IAB link discovery and monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB.    
Observation 7: CSI-RS based discovery (Solution 2) can be an implementation based solution for synchronous networks with stationary IAB nodes.
Proposal 1: Even if MIB indicates a barred cell, the cell could be allowed for IAB nodes that should try to receive RMSI for indication on allowed access
Proposal 2: With access UE NSA deployment, SSBs for IAB SA initial access are transmitted with long periodicity, and no other optimizations for resource savings are needed.    
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