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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is related to the study item “Integrated Access and Backhaul” [1].

The document describes the architectures, the radio protocols, and the physical layer aspects related to relaying of access traffic by sharing radio resources between access and backhaul links.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP RP-172290, “Study on Integrated Access and Backhaul for NR”
3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
IAB-node
RAN node that supports wireless access to UEs and wirelessly backhauls the access traffic. 

IAB-donor
RAN node which provides UE’s interface to core network and wireless backhauling functionality to IAB nodes.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

IAB
Integrated Access and Backhaul 




4
Introduction

At the 3GPP TSG RAN #75 meeting, the Study Item description on "Study on Integrated Access and Backhaul for NR" was approved [2]. The objective of the study is to identify and evaluate potential solutions for efficient operation of integrated access and wireless backhaul for NR. Frequency ranges up to 100 GHz will be considered. Detailed objectives of the study item are:
-
Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.

-
Protocol stack and network architecture design (including interfaces between rTRPs) considering operation of multiple relay hops between the anchor node (e.g. connection to core) and UE 

-
Control and User plane procedures, including handling of QoS, for supporting forwarding of traffic across via one or multiple wireless backhaul links

-
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

NOTE:
support of these functionalities should consider existing mechanisms for access links as a starting point.
Note: rTRP may refer to IAB-node and anchor node may refer to Donor-node in the other sections.

The results and findings of the study are documented in this technical report.
5
Requirements
5.1
Use cases and deployment scenarios
5.1.1
Relay deployment scenarios
A key benefit of IAB is enabling flexible and very dense deployment of NR cells without densifying the transport network proportionately. A diverse range of deployment scenarios can be envisioned including support for outdoor small cell deployments, indoors, or even mobile relays (e.g. on buses or trains).
Requirement: The Rel. 15 study item shall focus on IAB with physically fixed relays. This requirement does not preclude optimization for mobile relays in future releases.
5.1.2
In-band vs. out-of-band backhaul
In-band- and out-of-band backhauling with respect to the access link represent important use cases for IAB. In-band backhauling includes scenarios, where access- and backhaul link at least partially overlap in frequency creating half-duplexing or interference constraints, which imply that the IAB node cannot transmit and receive simultaneously on both links. In the present context, out-of-band scenarios are understood as not posing such constraints.
It is critical to study in-band backhauling solutions that accommodate tighter interworking between access and backhaul in compliance with half-duplexing and interference constraints.
Requirement: The architectures considered in the study should support in-band and out-of-band scenarios.

-
In-band IAB scenarios including (TDM/FDM/SDM) of access- and backhaul links subject to half-duplex constraint at the IAB node should be supported (this requirement does not exclude full duplex solutions to be studied).

-
Out-of-band IAB scenarios should also be supported using the same set of RAN features designed for in-band scenarios. The study should identify if additional RAN features are needed for out-of-band scenarios

5.1.3
Access/backhaul RAT options
IAB can support access and backhaul in above-6GHz- and sub-6GHz spectrum. The focus of the study is on backhauling of NR-access traffic over NR backhaul links. Solutions for NR-backhauling of LTE-access may be included into the study.
It is further considered critical that Rel. 15 NR UEs can transparently connect to an IAB-node via NR, and that legacy LTE UEs can transparently connect to an IAB-node via LTE in case IAB supports backhauling of LTE access.
Requirement: NR access over NR backhaul should be studied with highest priority 

-
Additional architecture solutions required for LTE-access over NR-backhaul should be explored.
-
The IAB design shall at least support the following UEs to connect to an IAB-node:

-
Rel. 15 NR UE

-
Legacy LTE UE if IAB supports backhauling of LTE access
5.1.4
Standalone and non-standalone deployments

IAB can support stand-alone (SA) and non-stand-alone (NSA) deployments. For NSA, relaying of the UE’s SCG path (NR) is included in the study. Relaying of the UE’s MCG path (LTE) is contingent on the support for IAB-based relaying of LTE-access (see 5.1.3.).
The IAB node itself can operate in SA or NSA mode. While SA and NSA scenarios are included in the study, backhauling over the LTE radio interface is excluded from the study. Since EN-DC and SA option 2 represent relevant deployment options for early rollout of NR, EN-DC and SA option 2 for UEs and IAB-nodes has high priority in this study. Other NSA deployment options or combinations of SA and NSA may also be explored and included in the study.

Requirements:
1:
SA and NSA shall be supported for the access link. For an NSA access link, relaying is applied to the NR path. Relaying of the LTE path is contingent on the support of backhauling of LTE traffic (see 5.1.3).
2:
Both NSA and SA shall be studied for the backhaul link. Backhaul traffic over the LTE radio interface is excluded from the study.
3:
For NSA access- and backhaul links, the study shall consider EN-DC with priority. However, other NSA options shall not be precluded from the study.

5.2
Architecture Requirements

5.2.1
Multi-hop backhauling
Multi-hop backhauling provides more range extension than single hop. This is especially beneficial for above-6GHz frequencies due to their limited range. Multi-hop backhauling further enables backhauling around obstacles, e.g. buildings in urban environment for in-clutter deployments.
The maximum number of hops in a deployment is expected to depend on many factors such as frequency, cell density, propagation environment, and traffic load. These factors are further expected to change over time. From the architecture perspective, flexibility in hop count is therefore desirable.
With increasing number of hops, scalability issues may arise and limit performance or increase signaling load to unacceptable levels. Capturing scalability to hop count as an KPI is therefore an important aspect of the study.
Requirements: IAB design shall support multiple backhaul hops

-
The architecture should not impose limits on the number of backhaul hops.

-
The study should consider scalability to hop-count an important KPI.

-
Single hop should be considered a special case of multiple backhaul hops.
5.2.2
Topology adaptation
Wireless backhaul links are vulnerable to blockage, e.g., due to moving objects such as vehicles, due to seasonal changes (foliage), or due to infrastructure changes (new buildings). Such vulnerability also applies to physically stationary IAB-nodes. Also, traffic variations can create uneven load distribution on wireless backhaul links leading to local link or node congestion.

Topology adaptation refers to procedures that autonomously reconfigure the backhaul network under circumstances such as blockage or local congestion without discontinuing services for UEs.

Requirement: Topology adaptation for physically fixed relays shall be supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
5.2.3
L2- and L3-relay architectures
There has been extensive work in 3GPP on Layer 2 (L2) and Layer 3 (L3) relay architectures. Leveraging this work may reduce the standardization effort for IAB. The study can further establish an understanding of the tradeoff between L2- and L3-relaying in the context of IAB.
Requirement: L2- and L3-relay architectures shall be studied. Definitions of L2- and L3-relaying in the context of IAB are FFS.
5.2.4
Core-network impact
IAB-related features such as IAB-node integration and topology adaptation may impact core-network specifications. It is desirable to minimize the impact to core-network specifications related to IAB.
Also, dependent on design, IAB features may create additional core-network signaling load. The amount of signaling load may vary among the various designs discussed in the study. Core-network signaling load is therefore considered an important KPI for the comparison of IAB designs.
Requirements:
1:
The IAB design shall strive to minimize the impact to core network specifications.
2:
The study should consider the impact to the core network signalling load as an important KPI.
5.2.5
Reuse of Rel-15 NR
Leveraging existing Rel-15 NR specifications can greatly reduce the standardization effort for the backhaul link.
The backhaul link may have additional requirements, which are not addressed in Rel-15 NR. For instance, both link end points of the backhaul link are expected to have similar capabilities. It may therefore be desirable to consider enhancements to Rel-15 NR specifications for the backhaul link.
Requirement: The study should strive to maximize the reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.

6
Architectures

Editor’s note:
This section is to describe architecture options identified for supporting IAB.
6.1
General

6.2
Architecture x
6.2.1
Overview
6.2.2
User plane aspects
6.2.3
Control plane aspects
6.2.4
Signalling procedures
6.2.5
Potential specification impacts
7
Physical layer aspects
Editor’s note:
Primary responsible WG for this clause is RAN1.

7.1
Enhancements for backhaul link

8
Radio protocol aspects
Editor’s note:
Primary responsible WG for this clause is RAN2.

8.1
Packet Processing
9
Backhaul aspects

Editor’s note:
Primary responsible WG for this clause is RAN3.

9.1
Additional Interfaces
…
10
Comparison

Editor’s note:
This section compares the various architecture- and feature alternatives proposed in prior sections.

10.1
Key performance indicators
10.1.1
Scalability to hop count

10.1.2
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…
11
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Annex C:
IAB-related agreements (informative)
Agreements from 3GPP TSG-RAN WG2 NR Ad hoc 1801:

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.
Agreements

1: IAB design shall support multiple backhaul hops


-
The architecture should not impose limits on the number of backhaul hops.


-
The study should consider scalability to hop-count an important KPI.


-
Single hop is considered a special case of multiple backhaul hops.
2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS
4: The IAB design should minimize the impact to core network specifications

5: The study should consider the impact to the core network signalling load as an important KPI
6: Strive to maximize reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.
NR-AH1801#03][NR/IAB] Update TR 38.874 (Qualcomm)


First agree the TR skeleton and then update to capture the agreements from this meeting. The discussion can also address the small conflict between agreements 3i and 4 when they are captured in the TR.

Intended outcome: Endorsed TR 38.874


Deadline:  Thursday 2018-02-01
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