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1	Introduction
Up to now in the 3GPP IAB Study [1], RAN2 and RAN3 have been elaborating IAB use cases, deployment scenario as well as IAB architecture and protocol options. Lower layer issues under the scope of RAN1 are for the first time in the agenda of RAN1#92bis. In the SID [1] following topics have been listed for RAN1 to study:
· Route selection and optimization [RAN2, RAN1, RAN3], e.g.
· Mechanisms for discovery and management of backhaul links for TRPs with integrated backhaul and access functionalities
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links
· Evaluate the benefit of resource allocation/route management coordination across multiple nodes, for end-to-end route selection and optimization.
· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 
· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation 
· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs
· High spectral efficiency while also supporting reliable transmission [RAN1]
· Identification of physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency
This document summarizes Nokia views on IAB related issues on topics in the SID assigned for RAN1 as well as other lower layer issues we think shall be clarified for the IAB operation. 

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	IAB Topologies
Regarding the topologies, following factors will be impacting the connectivity of IAB nodes and the formation of a topology and therefore should be considered in the IAB study,[2]: Propagation, reliability, complexity and traffic load.
Propagation: Regarding the coverage, the challenges are especially at the higher frequencies (> 6GHz) where the signal is easily blocked and connection quality is largely dependent on the LOS probability. The hop limit should not be strictly specified but should instead be governed by the propagation environment.
Reliability: The IAB connectivity via multiple fiber connected donor nodes should be supported for reliability. An IAB node must be able to discover cells and monitor the radio channel(s), similar to a UE, to identify potential attachment points, [3]. Should a serving link be blocked, the backhaul connection need to be transferred to another attachment point.
Complexity: While redundant IAB connectivity is necessary, the complexity associated with the connectivity needs to be studied. Issues to be considered are e.g.: number of maintained alternative paths, related overhead, antenna structures, etc.
Traffic Load:  The relative load of alternate paths and congestion (in addition to radio conditions) should be taken into account when selecting the optimum path for backhauling.
Proposal 1: The number of hops is determined by the propagation environment where the topology is constructed to maximize system spectral efficiency and minimize latency. There should be no specified limit on the number of hops, but instead, it should be governed by the propagation environment.

2.2	Radio resource allocation
We consider resource allocation aspects between access and BH links in [4]. We think that half-duplex scenario with TDM between access and backhaul needs to be prioritized in 3GPP studies – it’s 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. 

Proposal 2: Prioritize half-duplex scenario with TDM between access and backhaul in 3GPP studies.

Generally speaking, NR designed for forward compatibility provides a very good starting point for introducing IAB feature on top of NR Rel-15. The enablers include:
· Minimum amount 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.
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: From RAN1 point of view, NR Rel-15 provides a very good baseline for IAB operation. 

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. 

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 3: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links

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

2.3	Radio measurements in IAB deployment
In [3], we consider two aspects of radio measurements in the presence of IAB: (1) We assume that IAB is completely transparent to UEs, and therefore it should be possible to configure an IAB Node to transmit SSBs and CSI-RS for UE mobility like without IAB, and (2) IAB nodes should measure link quality to other IAB Nodes and Donors for path switching. The two aspects are considered assuming half-duplex IAB Nodes with slot based scheduling and TDM between access and backhaul which is regarded as discussed in Section 2.2 above.

In the studied scenario, compared with Donors, IAB Nodes have fewer access downlink slots to support measurements for UE mobility. This could be a problem especially with a flexible resource allocation scheme where the slots that are rigidly allocated for access downlink and therefore suitable for UE mobility measurements may be sparse. In some situations, it may be necessary to prioritize SS/PBCH transmissions: instead of configuring their transmissions according to BH/Access allocation, they would be transmitted also in other than DL access slots of an IAB Node.

Observation 2: Depending on the allocation scheme of BH/Access slots, there could be a shortage of DL Access slots available for IAB Node’s SS/PBCH block transmission.

Besides maintaining link(s) for active backhaul (BH) data transmission, an IAB Node must support preparations for topology changes e.g. due to blocking of a link or if congestion over a link would trigger the BH link change to a new serving node. Thus there would be candidate links besides the active BH links, and IAB Nodes should not only find their candidate serving nodes but also make measurements to have up-to-date information about the radio conditions to the candidate nodes.

Proposal 5: IAB Nodes are measuring link quality to candidate nodes besides the active IAB connection(s). 
The link monitoring must be enabled between chains of RNs originating from different Donors and between branches in a tree-shape topology. Such measurement opportunities cannot always be provided without breaks in the downstream-upstream BH slot configuration. In the simplest scheme of fixed allocation of slots for Access DL/UL and BH down/upstream, an IAB Node and its candidate serving node may always be transmitting or receiving in the same slots. Then, at least one of the nodes must have an IAB measurement gap: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception. In the other end there may be beam switching but no change in the TX/RX direction.  
Observation 3: To enable monitoring between all IAB Nodes, IAB measurement gaps must be introduced: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception.

2.4	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 4: 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.
  
2.5	IAB timing issues
In [6], we analysed the options how to synchronize IAB nodes in order to align the timing in the cells served by donor and IAB nodes. To our understanding, primary option to achieve sufficient synchronization meeting the defined requirements is to utilize timing control of the UE component of the IAB node. The IAB UE shall operate towards the serving node (either donor or another IAB node) the same way as the access UEs, including the timing advance (TA) adjustment for UL transmission. TA can be used as the basis to adjust also the IAB access link timing and the next hop backhaul (BH) link timing. As the TA compensates the two-way propagation delay between the donor (or serving IAB node) and the IAB node, the DL timing can be adjusted to be in TA/2 offset w.r.t. DL reception timing. The principle is applicable also in multi-hop scenario by using the TA value on each hop to adjust the timing on that BH link.
The other options, e.g. those studied earlier in the RAN3 led SI[7], are either out of RAN1 scope or can be considered as implementation options, e.g. GNSS based. For RAN1 study we are proposing following:

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

Regarding the requirements for timing accuracy, as much as has been agreed by now for NR, it seems that the TA base synchronization can meet the requirements in typical IAB deployment scenarios. Further studies may be needed in a multi-hop IAB deployment on lower bands.

Observation 5: Synchronization requirements can be met in typical IAB deployment scenario according to current knowledge about the specified TA adjustment granularity (separately for each numerology), UE TX timing error limits and TA adjustment accuracy.
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: From RAN1 point of view, NR Rel-15 provides a very good baseline for IAB operation.
Observation 2: Depending on the allocation scheme of BH/Access slots, there could be a shortage of DL Access slots available for IAB Node’s SS/PBCH block transmission.
Observation 3: To enable monitoring between all IAB Nodes, IAB measurement gaps must be introduced: RX in a slot that is normally used for transmission or TX in a slot that is normally for reception.
Observation 4: 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 5: Synchronization requirements can be met in typical IAB deployment scenario according to current knowledge about the specified TA adjustment granularity (separately for each numerology), UE TX timing error limits and TA adjustment accuracy.
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Proposal 2: Prioritize half-duplex scenario with TDM between access and backhaul in 3GPP studies.

Proposal 3: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links.

Proposal 4: RN processing time capabilities need to be discussed as part of the IAB studies.
Proposal 5: IAB Nodes are measuring link quality to candidate nodes besides the active IAB connection(s). 
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.
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