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1 Introduction

According to the objectives of the NR IAB SID [1], for physical layer aspects, the main features of NR IAB which differ from LTE relaying can be summarized as:
1. Multi-hop/multi-connectivity
2. Dynamic/flexible resource allocation between backhaul and access links

3. Higher spectrum efficiency backhaul link with high reliability

Fortunately, the basic NR protocol framework already standardized in Rel-15 was built taking a lot of flexibility and forward compatibility into consideration. Based on that, NR IAB can focus on the essential technology enhancements, particularly in the physical layer. In this contribution, we present some discussion on IAB physical layer technology enhancement. 
2 Technical enhancement requirement for physical layer 
2.1 Multi-hop and multi-connectivity

With multi-hop and redundant connectivity, better coverage and robustness could be achieved. However, some additional mechanism from RAN1 perspective has to be considered.
· IAB donor/node discovery and measurement
At the initial access stage, IAB node performs synchronization and random access like a UE. Once connected to the network, the IAB node will discover and measure other IAB donors or IAB nodes to identify the potential redundant connectivity for route switching. In general, the SSB/CSI-RS based RRM measurement defined in NR R15 can be utilized for IAB discovery and measurement. However, since IAB node also plays the role of TRP, it has to send SSB/CSI-RS periodically for its served UEs. Considering the half-duplex constraint, an IAB node cannot measure SSB/CSI-RS and transmit it at the same time. Figure 1 gives an example of the SSB transmission in multi-hop IAB scenario, obviously it is not possible for IAB node 1 and node 2 to measure each other simultaneously if they share the same SSB time domain pattern configuration. Therefore, mechanisms to avoid SSB conflict should be studied if SSB is used for node discovery. 

It seems easier to coordinate the transmission and measurement timing among IAB nodes with CSI-RS due to the flexible CSI-RS configuration defined in R15. However, the feasibility of CSI-RS for IAB discovery and the detailed scheme should be further studied.

Observation 1: The SSB/CSI-RS based RRM measurement defined in NR R15 could be considered for IAB discovery and measurement. However, how to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.
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Figure 1. Illustration of SSB transmission in multi-hop IAB
· Resources coordination among IAB nodes
In NR R15, the slot format (i.e., the link direction), BWP, CORSET, RS and other physical resource are defined in a UE specific manner, which still works for IAB backhaul links. However, due to the half duplex constraint at the IAB node, concurrent reception from and transmission to other nodes has to be avoided.

An example is shown in figure 2. Without prior coordination between the IAB donor and IAB node 1, IAB node 1 may send some periodic RS to its “child” node (IAB node 2) when it receives PDSCH from IAB donor.
In general, the resource coordination between IAB nodes or donors could be performed in either a static or dynamic manner. However, considering the route variation due to the backhaul link availability or load balancing, dynamic/semi-static coordination seems preferable. 
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Figure 2. Example of resource collision in multi-hop IAB 
Observation 2: Resource coordination among IAB nodes/donors is necessary to avoid Tx/Rx collisions at IAB nodes. Dynamic or semi-static coordination mechanisms seem preferable due to the possible route variations. 
· Dynamic route selection and switching 
Dynamic route selection is beneficial for accommodating the short-term blockage or load-balancing among IAB nodes. Its impact on the physical layer should be studied including the measurement and reporting for other routes discovery, and the triggering mechanism for fast route switching to minimize the traffic interruption delay. 
Observation3: To enable fast route selection and switching, the impact on the physical layer e.g., measurement, reporting, and triggering mechanisms should be studied.
2.2 Dynamic/flexible resource allocation between backhaul and access

Compared to the static TDM based resource allocation between backhaul and access links in LTE relays, larger bandwidth along with the deployment of massive MIMO or multi-beam systems in NR creates an opportunity to develop and deploy IAB with flexible allocation of radio resources (i.e., FDM/TDM/SDM) between access and backhaul links. As a result, system capacity and transmission delay will be improved. In this section, we discuss some essential enabling mechanisms for dynamic/flexible resource allocation.
· Frame structure for IAB node
Thanks to the very flexible slot format configuration defined in NR R15 specification, the introduction of backhaul link transmission occasion will not have impacts on R15 UE if the backhaul slots/symbols are configured as “unknown” to UEs.   However, from the perspective of the backhaul link, there are some issues to solve:
1. Available OFDM symbols in one backhaul slot: The available number of OFDM symbols in one backhaul slot mainly depends on the propagation delay of the backhaul link and also the Tx-> Rx or Rx-> Tx switching time at IAB node. In LTE, the available OFDM symbol number in a subframe is fixed due to two reasons: (1) no relay mobility (fixed propagation delay). (2) OFDM symbol duration is much longer than the relay switching time (1 fixed symbol is enough to accommodate that time). However, in NR IAB, considering the possible beam switching/route switching, and the various symbol duration in mmWave band, the number of available OFDM symbols in one backhaul slot is not constant. Therefore, the flexibility of backhaul slot configuration seems necessary.

2. Symbol alignment between access and backhaul links: If FDM or SDM multiplexing between access and backhaul links is used, symbol level timing alignment between access and backhaul link is critical to enable orthogonality between the two links, for interference mitigation. Figure 3 illustrates a misalignment, where IAB node 1 receive its PDSCH from donor with 
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 lag due to the propagation delay. However, its uplink reception from the served UE (UE2) happens at the beginning of the slot if all relay nodes are synchronized as shown in Figure 3. Without any timing adjustment, interference between backhaul and access link is inevitable. Therefore, how to solve such misalignment should be studied.
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Figure 3. Timing misalignment between access and backhaul link for SDM multiplexing
Observation 4: Flexible slot format configuration for backhaul slots is necessary due to the dynamic routing/beam switching and various OFDM symbol duration options.
Observation 5: Symbol level timing alignment between backhaul and access link is preferable to enable the FDM/SDM resource sharing. 
· Scheduling mechanism for dynamic TDM/FDM/SDM between backhaul and access
For a specific IAB node, its backhaul transmission with its “parent” node is scheduled by the “parent” node, while the access link transmission is scheduled by the IAB node itself. Therefore, to achieve flexible multiplexing between the two links, coordination of backhaul scheduling and access scheduling is needed. Specifically, IAB node acquires its backhaul slot/beam allocation first from its “parent” node and then decides whether and how to multiplex the backhaul link together with its access link or other backhaul links. Such multiplexing is feasible only when the backhaul link transmission with its “parent” node does not occupy all the available radio resource. Considering the practical scheduling processing time at IAB node, the scheduling acquisition time for backhaul transmission from its “parent” node (i.e. BH-PDCCH) should be ahead of the scheduling time for access link(i.e. AC-PDCCH), as shown in Figure 4, in order to enable the dynamic/flexible resource allocation at RN.
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    Figure 4. Illustration of scheduling and transmission timing of access and backhaul
Observation 6: Scheduling coordination among IAB nodes/donors is needed to enable dynamic TDM/FDM/SDM multiplexing between backhaul and access.
· Interference measurement and mitigation
With SDM based backhaul and backhaul multiplexing, some new kinds of interference are inevitably introduced, as shown in Figure 5. 

· Interference between the backhaul and access link at IAB node if SDM/NoMA based multiplexing is applied. 

· Interference between backhual links due to dynamic resource allocation at IAB node 1 (inter-RN cross link interference)

· Inter-UE cross link interference due to the different transmission direction in the neighbouring cells. 

 SHAPE  \* MERGEFORMAT 












        Figure 5:   Interference illustration due to SDM

The complicated interference environment caused by flexible resource allocation necessitates effective interference measurement and mitigation schemes. The inter-UE cross link interference is exactly the same as that in dynamic TDD, therefore, the same interference measurement and mitigation mechanism can be applied. For IAB nodes, interference measurement and mitigation schemes should be studied to solve the interference between the backhaul and access link and the interference between backhaul links. 
Observation 7: The complicated interference environment caused by flexible resource allocation necessitates effective interference measurement and mitigation schemes to solve the interference between the backhaul and access link and/or the interference between backhaul links.
2.3 High spectral efficiency backhaul link with high reliability

The following enabling mechanisms for high spectral efficiency and high reliability backhaul links should be considered.
· High order modulation
It is necessary to support higher order modulation (i.e., up to 1024-QAM) for backhaul links considering the fact that backhaul link capacity tends to be the bottleneck for system performance.
· MIMO enhancement

Backhaul link can reuse all the NR MIMO features. Furthermore, multi-IAB node coordinated transmission for backhaul links with advanced algorithms (e.g, DPS, NCJT) should also be supported in multi-connectivity backhaul link scenarios. 
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 Figure 6:  Multi-RN coordinated transmission
3 Conclusions
In this contribution, we discuss the motivation and scope of IAB physical layer enhancements. According to the, the following observations are made:
Observation 1: The SSB/CSI-RS based RRM measurement defined in NR R15 could be considered for IAB discovery and measurement. However, how to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.
Observation 2: Resource coordination among IAB nodes/donors is necessary to avoid Tx/Rx collisions at IAB nodes. Dynamic or semi-static coordination mechanisms seem preferable due to the possible route variations. 
Observation3: To enable fast route selection and switching, the impact on the physical layer e.g., measurement, reporting, and triggering mechanisms should be studied. 
Observation 4: Flexible slot format configuration for backhaul slots is necessary due to the dynamic routing/beam switching and various OFDM symbol duration options.
Observation 5: Symbol level timing alignment between backhaul and access link is preferable to enable the FDM/SDM resource sharing. 

Observation 6: Scheduling coordination among IAB nodes/donors is needed to enable dynamic TDM/FDM/SDM multiplexing between backhaul and access.
Observation 7: The complicated interference environment caused by flexible resource allocation necessitates effective interference measurement and mitigation schemes to solve the interference between the backhaul and access link and/or the interference between backhaul links.
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