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1	Introduction
RAN1#92bis discussed potential lower layer enhancements to support IAB. Resulted agreements were following, [2]:
Agreement:
· The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
Agreements:
· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.
· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 
· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 
· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 
· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.
· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.
Agreements:
· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 
· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied.
Agreements:
· Measurements on multiple backhaul links for link management and route selection should be studied. 
· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.
· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 
· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.
· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.
· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.
· Interference measurement and management solutions should be studied. 
· 1024QAM for the backhaul link should be studied.
· FFS: whether solutions should be specified as part of an IAB WI or other NR WI 

This document summarizes Nokia views on ways how NR specifications can be used and what could be potential enhancements to support IAB. This paper summarizes main points and proposals for different options while related discussion papers include more detailed analysis and background.
2	Discussion
In the sections below, we elaborate the main points to consider by RAN1 study on IAB in different areas of IAB deployment and operation. More detailed discussion can be found in the referred TDocs dedicated for each topic.
2.1	Radio resource allocation
We consider resource allocation aspects between access and BH links in [4]. Based on the discussion, we see a need for both TDM and SDM/FDM approaches: 
· TDM between access and backhaul is easy to implement and it represents a robust design, which can be operated without any cross-link interference. On the other hand, it is a resource allocation scenario, which requires specific attention since the IAB Node(s) cannot communicate with Donor gNB during the access link operation. This needs to be taken into consideration e.g. in the cases with dynamic resource allocation between backhaul and access links. 
· SDM/FDM between access and backhaul provides opportunities for higher spectral efficiency and as well as for lower latency. On the other hand, it suffers from cross-link interference. 

Proposal 1: Support half-duplex IAB scenarios with both TDM and SDM/FDM between Access and BH links.

It was agreed in RAN1#92bis that “The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link”. NR Rel-15 contains many forward compatibility features which make it easier to introduce IAB backhaul link:
· Minimum number of always-on signals (including configurable SSB periodicity)
· DMRS based demodulation in DL (no CRS)
· Support for explicit signaling indicting reserved (rate matching) resources 
· Bandwidth part based design instead of carrier based design
· Support for different duplexing options (including also flexible TDD)
· Support for beam-based operation
· Asynchronous HARQ in both UL and DL
· Support for flexible HARQ/scheduling time.

NR Rel-15 supports two scheduling frameworks: 1) slot based scheduling and 2) non-slot based scheduling. Slot based operation where different IAB links (BH DL, BH UL, Access DL, Access UL) are allocated with slot resolution is a feasible resource allocation approach NR IAB operation. Mini-slot based approach is an implementation based option available for IAB operation - the specification support is in place already based on NR Rel-15. Mini-slot based operation allows to minimize the latency involved in the IAB operation but it will increase the system overhead. 

It is also noted that IAB feature does not impact to the access link operation. Hence, it can be introduced without any backwards compatibility issues.
Observation 1: Resource allocation schemes developed for different access link scenarios can be reused for BH link.

One of the key objectives of IAB SI is to investigate dynamic resource allocation between the backhaul and access links. As discussed in [4] we consider GC-PDCCH as the signal facilitating dynamic resource allocation. In order to provide robust operation for the RN cell, GC-PDCCH needs to be transmitted via fixed DL BH resources. We think that possible GC-PDCCH enhancements taking into account different IAB scenarios need to be considered as part of the IAB RAN1 studies. 

Proposal 2: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links as well as related interference coordination.

It is stated in the IAB SID that “The 5G network shall support multi-hop wireless self-backhauling”. The observation based on [4] is that from resource allocation point of view, the multi-hop scenario can be supported already by the existing NR Rel-15 solution. On the other hand, RN processing capability impacts to the overall IAB latency performance especially in the multi-hop scenarios. In order to guarantee sufficient latency, there is a need to consider RN processing times in addition to the UE processing times defined in NR Rel-15. It is also noted in [4] that IAB scenario introduces additional latency components, which needs to be considered as part of the RAN1 IAB studies.

Proposal 3: RN processing time capabilities need to be discussed as part of the IAB studies.

2.2	Radio measurements in IAB deployment
In [3], we consider separately the measurements before and after an IAB Node activation for serving its cell. Before activation, the UE component of the IAB node selects and accesses the best cell like a normal UE, except that it could be configured to search for only nodes that broadcast an indication of IAB support. Such broadcasted indication is not necessary, but higher layers could move the connection to an IAB supporting node after the first access. After the connection establishment, RRM could configure measurements for recording the radio conditions to nearby IAB supporting nodes, and the report of measurement results could lead to connection handover to a better node. This may be assisted by a topology manager.

The measurement results of the cell search and cell selection phase can be utilized in the monitoring phase e.g. to limit the monitoring only to the best cells for candidate BH connections. This way extensive measurements would be done before activation of the node for IAB operation. After the activation, measurement possibilities are more constrained. 

Observation 2: Detected cells and related measurement results obtained during the cell search/selection phase can be utilized as the basis for the cell monitoring during the active IAB operation.
While having active connections over the BH and access links, an IAB Node should be able to monitor other neighboring nodes (Donors and other IAB Nodes) being candidates for a BH connection. Candidate connections are needed to prepare for a connection change potentially required due to blockage or congestion of a radio channel. The candidate connections can be between two IAB Nodes under a Donor or between nodes under different Donors. For monitoring of candidate connections, IAB nodes should be provided with sufficient measurement opportunities matching with the transmission of  reference signals by the other nodes. These configurations may be conflicting with the resource allocations for BH and access links: following the configurations may cause a deviation in the RX/TX pattern such that reception takes place at time instants/slots that may normally be used for transmission, or transmission (of reference signals) would happen at time instants/slots that are normally allocated for reception.        

Proposal 4: To enable inter-IAB node monitoring there shall be means to configure measurement opportunities for some IAB nodes matching with the reference signal transmissions of the monitored IAB nodes.
A question is whether IAB monitoring should be based on SSBs or CSI-RS as both may be configured for normal UE mobility measurements. The use of SSBs for IAB monitoring is restricted by the measurement timing configuration, SSB transmission by the (monitoring) IAB node in the cell served by itself and the half-duplex constraint. On the other hand, CSI-RS transmissions can be separately configured for certain connections without having direct impact on other connections or measurements. Furthermore, CSI-RS transmissions can be configured for narrower beams than used for SSBs and therefore could provide possibility for beam evaluation for a candidate BH link. CSI-RS measurements seem to provide better flexibility and therefore would be better suited for IAB monitoring we propose:        
Proposal 5: RAN1 is asked to consider CSI-RS measurements as a suitable option for IAB monitoring.

2.3	Cross-link interference in IAB scenario
We discuss interference management issues related to different IAB scenarios in [5]. As discussed, IAB scenario with half-duplex constraint and TDM between access and backhaul links can be operated without any cross-link interference. This requires coordinated resource usage between donor gNB and IAB nodes, which can be done 1) based on higher layer signaling in the case of fixed split between access and backhaul link resources or 2) based on GC-PDCCH in the case of dynamic split between access and backhaul link resources [4].

Observation 3: GC-PDCCH can enable interference coordination between DgNB cell and RN cell(s) with dynamic split between Access/BH in such that the network can be operated free from cross-link interference

Cross-link interference needs to be taken into account in the half-duplex IAB scenario with SDM/FDM between access and backhaul links [5]. To guarantee a robust reception of PDCCH/PDSCH in the presence of UL to DL cross-link interference between UEs with access links, the cross-link interference needs to be taken into account as a part of NR Rel-16 studies. It is worth noting that the observed UL-to-DL cross-link interference between different UEs with access links is identical with dynamic TDD scenarios. Therefore, it is not reasonable to develop any IAB specific cross-link interference measurement, signaling and mitigation solutions. Instead of focusing for developing IAB specific cross-link interference management solutions, there is a need to develop a unified cross-link interference management framework under single WI, e.g. flexible duplexing or MIMO, covering all potential use-cases, e.g. dynamic TDD and IAB, etc. The developed cross-link interference management solutions should be based on UL and DL reference signals, interference measurements developed under NR Rel-15 MIMO.  

Proposal 6: Cross-link interference management related to half-duplex operation with SDM/FDM between access and backhaul needs to be considered as part of NR studies.
Proposal 7: Develop a unified cross-link interference management framework under single WI, e.g. flexible duplexing or MIMO, covering all potential use-cases, e.g. dynamic TDD and IAB, etc.
  
2.4	IAB timing
RAN1#92bis made following agreements on the IAB synchronization:
· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 
· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied.
In [6], we have analysed the synchronization of IAB nodes. When utilizing the existing NR procedures, the OTA synchronization consists of UE synchronization to DL signals (SSBs) when detecting suitable cells for camping, and, once a cell is selected, UE initiates access procedure by sending appropriate PRACH preamble from which the gNB measures the timing advance (TA) adjustment to be used in the subsequent UL transmissions. The TA adjustment is sent in msg.2/RAR. With the same procedure, the UE part of the IAB node can synchronize its DL/UL timing towards the serving cell/node. To our understanding this shall be the taken as the starting point for the IAB synchronization.

Observation 4: NR cell selection and initial access procedures with TA based IAB timing adjustment can be used as the baseline for IAB synchronization.
DL TX timing of an IAB node on the access link and on the next hop BH link can be advanced by ½*TA w.r.t. DL reception timing from the serving node to align the timing with the serving node. This way DLs in all cells can be synchronized, which is desirable in a TDD system. In a multi-hop IAB deployment the same principle can be used to synchronize the BH links based on the RX timing from the serving node and the TA value. According the current requirements for timing accuracy and TA granularity, the method seems to achieve the performance requirements also in a multi-hop scenario without IAB specific enhancements.

Proposal 8. TA based synchronization can be taken as basis for IAB synchronization supporting also multi-hop scenarios.


2.5	Spectrum efficiency enhancements
Backhaul connections carrying data for multiple UEs should basically have better spectrum efficiency (SE) than access links. There are some evident options how SE can be improved:
1. Higher order modulation and coding scheme, MCS
2. MIMO
3. Higher antenna gain
4. RS enhancements

The improvements in these areas rely on IAB node specific capabilities which can be different from those of the access UEs. Especially, a higher number of antennas and/or antenna panels/Pas at both ends of the BH link, and better RF performance are expected for IAB nodes. Improved SNR over the connection would allow higher MCSs, like up to 1024QAM. This is facilitated by high antenna gains both at the transmitting and receiving ends, and static deployments of the IAB nodes. Same gains are available for both DL and UL connections. However, NR features specified for SE improvements do not have to be IAB specific but those specified for normal access links can be applied to IAB BH connections as well. Therefore, the IAB study does not have to include such topics defined specifically for IAB usage.
Proposal 9. Spectrum efficiency improvements can be considered generic NR features and do not have to be studied separately for IAB cases.


3	Conclusions
In this contribution we have discussed areas that need specific attention on lower layer studies of the IAB SI. Detailed elaboration of each subject can be found in the referred TDocs. Main observations and proposals we have are:
Observation 1: Resource allocation schemes developed for different access link scenarios can be reused for BH link.
Observation 2: Detected cells and related measurement results obtained during the cell search/selection phase can be utilized as the basis for the cell monitoring during the active IAB operation.
Observation 3: GC-PDCCH can enable interference coordination between DgNB cell and RN cell(s) with dynamic split between Access/BH in such that the network can be operated free from cross-link interference
Observation 4: NR cell selection and initial access procedures with TA based IAB timing adjustment can be used as the baseline for IAB synchronization.

Proposal 1: Support half-duplex IAB scenarios with both TDM and SDM/FDM between Access and BH links.

Proposal 2: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links as well as related interference coordination.

Proposal 3: RN processing time capabilities need to be discussed as part of the IAB studies.
Proposal 4: To enable inter-IAB node monitoring there shall be means to configure measurement opportunities for some IAB nodes matching with the reference signal transmissions of the monitored IAB nodes.
Proposal 5: RAN1 is asked to consider CSI-RS measurements as a suitable option for IAB monitoring.
Proposal 6: Cross-link interference management related to half-duplex operation with SDM/FDM between access and backhaul needs to be considered as part of NR studies.
Proposal 7: Develop a unified cross-link interference management framework under single WI, e.g. flexible duplexing or MIMO, covering all potential use-cases, e.g. dynamic TDD and IAB, etc.
Proposal 8. TA based synchronization can be taken as basis for IAB synchronization supporting also multi-hop scenarios.
Proposal 9. Spectrum efficiency improvements can be considered generic NR features and do not have to be studied separately for IAB cases.
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