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1 Introduction
As part of the Study Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to identify and evaluate potential solutions for following requirements and aspects associated with the efficient operation of integrated access and wireless backhaul for NR:

· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 

· Multi-hop and redundant connectivity

· End-to-end route selection and optimization

· Support of backhaul links with high spectral efficiency

· Support of legacy NR UEs

In addition, during the NR Adhoc #4, RAN2 made the following agreements regarding requirements of the IAB design:

Agreements

1:   The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded

2    Common architecture supports both in-band and out-of-band IAB scenarios. 

2i    In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1)
2ii   Out-of-band IAB scenarios are also supported using the same set of RAN features designed for in-band scenarios.  Study whether additional RAN features are needed for out-of-band scenarios

3    NR access over NR backhaul is studied with highest priority 

3i    Identify the additional architecture solutions required for LTE access over NR backhaul

3ii   The IAB design shall at least support the following UEs to connect to a node which is backhauled using IAB:

      1/      Rel. 15 NR UE

      2/      Legacy LTE UE if IAB supports backhauling of LTE access
4i    SA and NSA on the access link will be supported (For NSA on the access the relay is applied to the NR SCG path only)

4ii   Both NSA and SA for the backhaul links will be studied. (For both SA and NSA backhaul, we will not study backhaul traffic over the LTE radio interface). 

4iii  For both 4i and 4ii the priority within the NSA options will be to consider the EN-DC case but this does not preclude study for other NSA options.

4iv Further study of the possible combinations of SA and NSA access and backhaul is needed to fully determine the scope of what will be studied.

This contribution discusses different physical layer enhancements for IAB including aspects impacting initial access/RRM, frame structure design, cross-link interference mitigation, and MIMO techniques.

2 Physical Layer Enhancements for IAB
An example of a network with integrated access and backhaul links is shown in Figure 1 below. The operation of the different links may be on the same or different frequencies (also termed ‘in-band’ and ‘out-band’ relays). While efficient support of out-band relays is important for some NR deployment scenarios, it is critically important to understand the requirements of in-band operation which imply tighter interworking with the access links operating on the same frequency to accommodate duplex constraints and avoid/mitigate interference.  
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Figure 1: Integrated access and backhaul links 

2.1 IAB Node Discovery and Topology/Route Management
As shown in Figure 1. The IAB nodes (relays) can multiplex the access and backhaul links in time, frequency, or space (e.g. beam-based operation) which includes the transmission of signals/channels utilized as part of initial access. One straightforward way to IAB node discovery, link management, and topology/route management is to use the same physical layer signals and channels access UEs use for performing similar procedures of initial access and RLM/RRM. 

Proposal 1: IAB should support the same physical layer signals and procedures designed for access UEs performing initial access and link management (e.g. RLM/RRM) for IAB node discovery and topology/route management.
For example, each IAB node could be considered to have both DU functionality as well as UE functionality. The relay is connected to an IAB node of a higher hop order as a UE, while the IAB node serves relay UEs inside IAB nodes of lower hop orders or its own access UEs.
Especially in the case of in-band operation of backhaul and access links there are a few challenges to designing a common initial access framework. Due the half-duplexing constraint IAB nodes can only do the following:
1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) at any given time
2. Transmit on the access link and/or backhaul link at any given time
As a result, while the same physical signals may be used for both UE and IAB node discovery (including using the same cell ID), differentiation and independent configuration of the resources and/or transmission period(s) of the signals used for initial access for UEs and IAB nodes may be required. Furthermore, unlike LTE-based relays, multi-hop backhauling and multi-site connectivity should be supported. In this case a node which is connected to wired backhaul can be considered as a donor node and transport of data for a target UE may traverse multiple hops of backhaul links. An example tree topology with three different hop orders is shown in Figure 2.
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Figure 2: Multi-hop IAB topology
In this case, not only is differentiation between resources used for transmission of access and backhaul link initial access signals needed, but also between different hop orders of IAB nodes due to the half-duplex constraint. Figures 3 and 4 provide an example of such multiplexing of initial access signal transmissions between access and two backhaul link hop orders. The access synchronization signal transmissions can overlap in time across hop orders since they are intended for UEs and therefore not subject to the half-duplex constrain requirement. However, orthogonal time periods are required for the transmission of the synchronization signal transmissions intended for backhaul link discovery and maintenance with a possibly different periodicity of transmission and separately configured from the parameters/resources used by access UEs.
                             
[image: image3]
Figure 3: TDM multiplexing of initial access signals between access and backhaul links (same periodicity)
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Figure 4: TDM multiplexing of initial access signals between access and backhaul links (different periodicity)
Proposal 2: The multiplexing of initial access signals (e.g. SSB, RACH, and CSI-RS for RRM) should consider multi-hop topologies and half-duplex constraints at IAB nodes.

Proposal 3: The resources and respective transmission periods for signals required for initial access and RLM/RRM of backhaul link should be separately configured from the parameters used by access UEs.
2.2 IAB Frame Structure Design
A key advantage of IAB is that backhaul and access are integrated and multiplexed in the scheduler, allowing very dynamic resource allocation between the backhaul and access links (in both DL and UL directions). As a result, the duplex constraint at the relay is an important factor when considering how to multiplex access and backhaul links. This consideration becomes even more critical as we support multiple hops of backhaul links, each with a similar duplex constraint. Specifically, the latency/overhead introduced by orthogonal partitioning of resources in either time or frequency should be carefully considered. Especially for mmWave frequencies which are typically TDD, a very practical scenario for initial IAB deployments is to enforce a half-duplex constraint at the relay, wherein the nodes transmit on the access link and/or backhaul link at any given time as illustrated in Figure 5.  
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Figure 5: half-duplex constraint at the relay
In Figure 6, TDM partitioning is shown with DL/UL switching gaps between both the backhaul directions as well as for the access links while a guard band is introduced between backhaul subframes in the case of FDM. It is also noted that based on the requirements captured by RAN2, the multiplexing of the access and backhaul links should be backwards compatible to ensure Rel.15 UEs can be supported by IAB.
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Figure 6: TDM/FDM of access and backhaul links

Furthermore, the native deployment of massive MIMO systems in NR also creates an opportunity to support a complementary multiplexing technique of spatial reuse (e.g. SDM) between the backhaul and access links. For example in Figure 5, while still assuming a half-duplex constraint at the eNB/relay A, it is possible that the UL access traffic can be received while simultaneously receiving the backhaul traffic from Nodes B and C. Likewise, the DL access traffic can be served by Node A while also transmitting backhaul/relay traffic to Nodes B and C. Depending on the backhaul frame structure and support for beamforming, the access and backhaul traffic could be transmitted using orthogonal resources or by multi-user MIMO transmission schemes. 

The half-duplex constraint at the relay is of particular importance when consider multi-hop topologies as depicted in Figure 7. When the donor gNB (hop 0) sends DL transmissions to the relay node of hop order 1, said rely node is receiving, hence it can schedule access UEs whose gNB it is in the UL. Alternatively, a second order relay node can transmit to the first order relay node when the latter is receiving from the donor node (hop 0). The resulting frame structure can result in cross-link interference at the UE which will be discussed in the next section. At the network side, the frame structure, and hence the interference, can be coordinated though. 
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Figure 7: IAB frame structure

Proposal 4: RAN1 should study mechanisms for efficient multiplexing of access/backhaul traffic across multiple hops considering a per IAB-node half-duplex constraint.
2.3 Cross-link Interference Considerations

The frame structure in IAB adapts to the DL and UL traffic, such that dynamic resource allocation on the backhaul and access links is achieved. This dynamic TDD structure introduces gNB-gNB and UE-UE cross link interference (CLI), which hinders the performance of IAB and requires measurement and mitigation. Depending on the frame structure design for IAB, CLI can be for example mitigated by semi-statically reserving resource blocks for backhaul transmissions, or through graph-coloring based techniques. 
Proposal 5: Cross link interference measurement and mitigation is critical for the operation of IAB. 

Cross link interference measurements are important enablers for CLI management and mitigation, even though they might impose on the frame structure and require special measurement instances, following the half duplex constraints. As we strive to consider and identify effective interference mitigation and cancellation schemes for CLI, it is important to similarly consider different categories of interference measurements as enablers for such schemes. As interference mitigation schemes should be prioritized in terms of complexity, overhead and performance, interference measurements, can also be categorized in terms of complexity, overhead and effectiveness. Such categories can include long term or short term measurements, multi-antenna or single antenna, wideband versus narrowband. 

Another important aspect of CLI measurements is what the measurements actually consist of, in terms of content. If CLI is simply indicated by the measured power or there are more sophisticated measurement metrics provided in the CLI. In addition to the interference power, CLI measurement can include components such as load information, angle of arrival measurements, and multi-antenna based measurements. Load measurement is a critical entity that determines effective CLI, in addition to coupling. This is especially important in a dynamic interference environment such as IAB. Differential Angle of arrival measurements also allows mitigating interference relative to the receiver antenna panel. Furthermore, including multi-antenna processing related information allows a better assessment and indication of the effective CLI, as it takes into account the use of beamforming techniques at the transmitter and receiver that alters the effect of CLI. 
Proposal 6: IAB should make use of different interference measurement categories and components to enable CLI mitigation and cancellation. 

2.4 MIMO Enhancements

The main motivation of integrated access and backhaul link is to reuse the physical channel and procedures defined for access link for backhaul transmission. The existing MIMO functions have ful-filled majority of the functionality needed for backhaul. One further optimization is the higher number of MIMO layer for PUSCH. Right now the max number of layer for PUSCH is only 4 which is enough for access link but not enough for backhaul link as relay node typically has much larger antenna panel and TxRUs than that of UE. 
Proposal 7: Consider to support 8 layers of PUSCH transmission in the spec. 
3 Conclusion
This contribution analyzed potential physical layer enhancements for IAB. The following proposals were made:

Proposal 1: IAB should support the same physical layer signals and procedures designed for access UEs performing initial access and link management (e.g. RLM/RRM) for IAB node discovery and topology/route management.
Proposal 2: The multiplexing of initial access signals (e.g. SSB, RACH, and CSI-RS for RRM) should consider multi-hop topologies and half-duplex constraints at IAB nodes.

Proposal 3: The resources and respective transmission periods for signals required for initial access and RLM/RRM of backhaul link should be separately configured from the parameters used by access UEs.
Proposal 4: RAN1 should study mechanisms for efficient multiplexing of access/backhaul traffic across multiple hops considering a per IAB-node half-duplex constraint.
Proposal 5: Cross link interference measurement and mitigation is critical for the operation of IAB. 

Proposal 6: IAB should make use of different interference measurement categories and components to enable CLI mitigation and cancellation. 

Proposal 7: Consider to support 8 layers of PUSCH transmission in the spec. 
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