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1
Introduction
This contribution includes email discussion and report:
 [105#45][IAB] RAN2 and RAN3: IAB Miscellaneous (Qualcomm)


Intended outcome: Report, identify and capture “easy agreements” from the SI, agree on a name for the new protocol. 


Deadline: Thursday 28/03/2019
The discussion will be staged in to two parts:

Part 1: Collection of comments and feedback based on “agreement candidates”.
Part 2: Consolidation of comments/feedback for each topic to one agreement proposal (if possible).

Deadline for Part 1 is Thursday, March 21, 23.59 PT. This leaves us with a week for Part 2.
2
Name for “Adaptation Layer”
This section captures proposals on the name for the Adaptation layer. Please provide candidate names and acronyms for this new sublayer. Multiple proposals can be made by each company. The names proposed should nicely blend into those of the existing sublayers:
· PHY: Physical Layer (no actual acronym)
· MAC: Medium Access Control

· RLC: Radio Link Control

· PDCP: Packet Data Convergence Protocol

· SDAP: Service Data Adaptation Protocol
	Company 
	Adapt Layer name
	Adapt Layer acronym
	Comments

	Qualcomm
	Backhaul Data Adaptation Protocol 
	BDAP
	Lines up with PDCP/SDAP

	Qualcomm
	Route Adaptation Protocol
	RAP
	Easy to memorize

	
	
	
	

	
	
	
	


3
“Easy agreements” from Study Item and WID
This section aims to capture “easy agreements” from SI and WID objectives. Agreements from RAN2 #105 and RAN3 #103 are not included here. Further, topics of parallel email discussions addressing adapt layer routing and bearer mapping are not included, either. 
3.1
Architecture and interfaces
The WID objectives refer to “architecture 1a” from TR. They further describe “IAB-node integration for SA and NSA modes”. The architecture figures in the TR cannot be used directly since they do not match the style of TS 38.300 (e.g. see clause 4.1). We therefore need to agree on architecture reference diagrams for TS 38.300 including description. Below is a candidate proposal.  
	Agreement candidate:
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IAB architecture; a) IAB-node using SA mode with NGC; b) IAB-node using NSA mode with EPC
Integrated access and backhaul enables wireless relaying for NR access by using NR for backhauling. The relaying node is referred to as the IAB-node. The terminating node of NR backhauling on network side is referred to as the IAB-donor gNB, which represents a gNB with additional functionality to support IAB.

Backhauling can occur via a single or via multiple hops. Next-hop neighbours of an IAB-node are referred to as northbound if they are closer to the IAB-donor, or as southbound if they are further away from the IAB-donor. Northbound neighbours are also referred to as parent nodes and southbound neighbours as child nodes. The northbound neighbour (or parent node) of an IAB-node can be another IAB-node or the IAB-donor.
The IAB-node supports gNB-DU functionality 1) to terminate NR access interface to UEs and southbound IAB-nodes, and 2) to terminate F1 interface to the gNB-CU on the IAB-donor.

NOTE:
The architecture and the F1 interface for a functional split are defined in TS 38.401.

The IAB-node also supports a subset of the NR Uu radio interface, referred to as MT functionality, to connect to a parent node on NR PHY and L2, and to connect to the gNB-CU on the IAB-donor via RRC. 

The IAB-node can access the network using either NR SA-mode or NR NSA-mode (i.e. EN-DC). In NSA-mode, the IAB-node also connects via LTE to a MeNB, and the IAB-donor terminates X2-C as SgNB.


In the following table, please provide comments on the reference figures proposed and the corresponding description. Also, alternative architecture diagrams or descriptions can be provided.

	Company
	Comments

	
	

	
	

	
	


3.2
Protocol stacks
The WID objectives describe aspects of the protocol stacks: “Specification of an adaptation layer above RLC layer. The adaptation layer supports routing across the wireless backhaul and IP as next protocol layer”, and “Support for IP routability to IAB-node (e.g. from CU, OAM)”, all of which refers to UP option e and CP option 4 in the TR. 
The figures below show candidate protocol stacks of the F1 interface for TS 38.300 based on UP option e and CP option 4. These stacks do not include a security layer for F1 in consistence with TS 38.470, which also shows F1 stack without security layer. TS 38.300 therefore needs a reference to TS 33.501 for F1 security. Further, protocol stacks for the MT’s Uu interface need to be defined, which needs more discussion.
	Agreement candidate:


[image: image2.emf]RLC

Adapt

RLC

Adapt

RLC

IAB-node 2

DU

CU-UP

IAB-node 1 IAB-donor gNB

Adapt

PHY/MAC PHY/MAC PHY/MAC

RLC

Adapt

PHY/MAC

GTP-U

UDP

IP

UDP

IP

Intra-donor F1-U

BH RLC channel

GTP-U

IP IP

BH RLC channel


Protocol stack for supporting F1-U
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In the following table, please provide comments on the proposed protocol stacks or add alternative stack figures.

	Company
	Comments

	
	

	
	

	
	


3.3
IP routability

The WID objectives demand for“Support for IP routability to IAB-node (e.g. from CU, OAM)”. This aspect has also been described in the TR. The following agreement candidate is proposed:

	Agreement candidate:

· The adaptation layer carries an IP layer, which provides IP connectivity between the IAB-node and the operators IP network. 

· This IP connectivity is used for the transport of F1 between IAB-node and IAB-donor CU. 

· It may also be used for IP transport between IAB-node and OAM.


In the following table, please provide comments on the agreement candidate or provide alternative candidates.

	Company
	Comments

	
	

	
	

	
	


3.4
Backhaul configuration

The WID objectives define: Specification of RRC and F1-AP procedures and messages for: the setup and release of IAB-nodes; configuration of adaptation layer at the IAB-nodes and IAB-donor DU; configuration of BH RLC channels, QoS information, routing tables, bearer-mappings ... . 

From this, the following agreement candidate is derived for backhaul configuration:

	Agreement candidate:

· The backhaul RLC channel and the adaptation layer are configured by the IAB-donor CU using F1-AP and RRC. 




In the following table, please provide comments on the agreement candidate or provide alternative candidates.

	Company
	Comments

	
	

	
	

	
	


3.5
Radio-aware scheduling

One WID objective defines: “Specification of signalling to enable aspects of radio-aware scheduling on IAB-nodes and IAB-donor DUs”. This objective points to TR clauses 8.2.4.2-3, which are pretty vague in description. 

Another WID objective demands: “Specification of RRC and F1-AP procedures and messages for:...; configuration of BH RLC channels, QoS information, routing tables,…”.  From this, the following agreement candidate is derived:

	Agreement candidate:

The IAB-node DU and the IAB-donor DU can be configured by the IAB-donor CU with information to bias scheduling decisions among RLC channels on backhaul and access links. 


In the following table, please provide comments on the agreement candidate or provide alternative candidates.

	Company
	Comments

	
	

	
	

	
	


3.6
Flow control

One WID objective defines: “Specification of a flow control mechanism (for DL and, if necessary, for UL) to handle congestion”. According to the TR, UL congestion can be mitigated via scheduling. The TR is rather vague on solutions for DL. Various contributions to RAN2#105 observe that NR UP protocol (TS 38.425) can mitigate DL congestion (R2-1901387, R2-1901394, R2-1901835, R2-1902023, R2-1901065). The candidate agreements below try to capture the need for congestion mitigation and define UL scheduling as well as NUPP as baselines.

Agreement candidate:

Mechanisms for congestion mitigation should be provided to avoid congestion-related packet drops on IAB-nodes and IAB-donor DU. 

· In upstream direction, UL scheduling is considered baseline for congestion mitigation. 

· In downstream direction, the NR UP protocol is considered baseline for congestion mitigation. 

In the following table, please provide comments on the agreement candidate or provide alternative candidates.

	Company
	Comments

	
	

	
	

	
	


3.6
UL CP latency

One WID objectives refers: “Hop-by-hop propagation of signalling to support low latency scheduling” and “Specification for enhancement for uplink resource request procedure and related signalling to enable low latency uplink data scheduling”. The TR describes pre-emptive UL SR/BSR signalling by the IAB-node’s MT when the collocated IAB-node’s DU has received UL SR or BSR. From this, the following agreement candidate is derived.
Agreement candidate:

The IAB-node can reduce UL control-plane latency through pre-emptive signalling of SR and BSR to its parent node when receiving SR or BSR from a child node or UE. 
In the following table, please provide comments on the agreement candidate or provide alternative candidates.

	Company
	Comments

	
	

	
	

	
	


3.6
Lossless ARQ

One WID objectives define: “Specification of mechanisms to enable lossless delivery in hop-by-hop ARQ”. The TR proposes three potential solutions and their respective trade-offs to tackle packet losses during BH RLF recovery. BH RLF is expected to occur rather infrequently, and therefore, the associated packet loss may be comparable or less than packet loss due to other reasons, e.g., due to RLF on the access link. For that reason, Rel-16 should primarily focus on lossless ARQ during normal operation, i.e. in absence of BH RLF. 
Agreement candidate:

Hop-by-hop ARQ should provide lossless packet delivery outside BH RLF conditions.
In the following table, please provide comments on the agreement candidate.

	Company
	Comments

	
	

	
	

	
	


3.7
IAB-node migration
One WID objectives define: “Specification of IAB-node migration underneath the same IAB-donor (with or without a change of IAB-donor DU), and between different IAB-donors. Migration of IAB-node could be network-controlled or could be due to BH RLF.” The TR describes solutions that leverage handover and RRC reestablishment procedures. In these solutions, the IAB-donor CU controls the IAB-node migration as long as it has control plane connectivity to the IAB-node. The following agreement candidates are proposed:
	Agreement candidates:

· The IAB-node can migrate to a different parent node underneath the same IAB-donor or at a different IAB-donor while providing access and backhaul service.

· The IAB-donor CU controls the IAB-node migration as long as it has control plane connectivity.

· The IAB-node MT leverages Uu handover and connection reestablishment procedures for IAB-node migration. 

· Session disruption and packet loss should be avoided or minimized during IAB-node migration.




In the following table, please provide comments on the agreement candidate.

	Company
	Comments

	
	

	
	

	
	


3.8
Topological redundancy

One WID objectives define: “Support for route redundancy and route selection based on multi-connectivity (e.g. TR 38.874 clause 9.7), leveraging existing NR solutions as well as NR-NR DC, without additional RAN1 work.” The TR describes solutions that leverage NR-DC. In these solutions, the IAB-donor CU controls the addition and release of additional links and routes. Further, centralized and local decision on route selection is proposed. The TR further discusses CP redundancy via LTE for IAB-nodes using NSA mode. The following agreement candidates are proposed:
	Agreement candidates:

1. The IAB-node mode may have redundant routes with the IAB-donor CU.

2. The IAB-donor CU controls the establishment and release of redundant routes.

3. NR DC is used to enable route redundancy for IAB-nodes operating in SA-mode.

4. For IAB-nodes operating in NSA-mode, LTE and X2 may be used for the forwarding of CP data between IAB-node and IAB-donor CU.



In the following table, please provide comments on the agreement candidate.

	Company
	Comments

	
	

	
	

	
	


3.9
Editorial: Definitions

TS 38.300 needs to define new expressions introduced for IAB. The following list is proposed:
Candidate list of definitions
	Expressions 
	Definition

	IAB-donor


	gNB that provides functionality for IAB and supports NR backhaul links to IAB-nodes

	IAB-node


	RAN node that support access links to UEs and child nodes as well as NR backhaul links to parent nodes

	NR backhaul link
	NR link used for backhauling between an IAB node and an IAB-donor, and between IAB nodes in case of a multi-hop backhauling.

	gNB-CU
	See 3GPP TS 38.401

	gNB-DU
	See 3GPP TS 38.401

	Parent node
	Northbound node of an IAB-node; the parent node can be IAB-node or IAB-donor-DU

	Child node
	Southbound node of an IAB-node; the child node is also an IAB-node

	Southbound
	Direction in multi-hop backhauling away from the IAB-donor

	Northbound
	Direction in multi-hop backhauling toward the IAB-donor

	Multi-hop backhauling
	A chain of NR backhaul links between an IAB-node and an IAB-donor


In the following table, please provide comments on expressions, definitions or provide additional definitions.

	Company
	Comments

	
	

	
	

	
	


4
Appendix

4.1
Objectives from WID related to RAN2 and RAN3

Objectives referenced in section 3 above are highlighted in yellow. 
· Specification of an IAB-node following architecture 1a including [RAN2-led, RAN3]: 

· Routing function on IAB-node to support forwarding across the multi-hop topology based on routing identifier. 

· Hop-by-hop propagation of signalling to support low latency scheduling (e.g. TR 38.874 clause 8.6), BH RLF handling (e.g. TR 38.874 clause 9.7.14-15) and resource coordination across the multi-hop topology (e.g. TR 38.874 clause 7.3.3). 

· UE-bearer to BH RLC-channel mapping and mapping between ingress and egress BH RLC channels functions for support of one-to-one and many-to-one bearer mapping.

· Enhancements to gNB functionality to serve as an IAB-donor following architecture 1a [RAN3, RAN2]

· Functions on gNB CU-CP for topology, route and resource management [RAN3-led]. 

· Support for IP routability to IAB-node (e.g. from CU, OAM) [RAN3-led].

· Bearer mapping function on gNB DU to map downlink traffic of one or many UE-bearers to a BH RLC-channel [RAN2-led]. 

· Specification of possible enhancements to E1, F1 and X2/Xn interfaces [RAN3-led, RAN2]:

· On F1: 

· security protection over the wireless backhaul links.

· setting up and reconfiguring IAB-nodes and IAB-donor DUs

· On X2 and Xn, necessary functions to enable DC operation with IAB. 

· On E1, configuration of necessary IAB-specific transport and/or security protection of F1-U. 

· Specification of procedures for IAB-node integration and topology adaptation, including [RAN3-led, RAN2]:

· Procedures for IAB-node integration for SA and NSA modes, including enhancements needed to E-UTRAN for NSA mode. 

· Specification of IAB-node migration underneath the same IAB-donor (with or without a change of IAB-donor DU), and between different IAB-donors. Migration of IAB-node could be network-controlled or could be due to BH RLF. 
· Support for route redundancy and route selection based on multi-connectivity (e.g. TR 38.874 clause 9.7), leveraging existing NR solutions as well as NR-NR DC, without additional RAN1 work. (see NOTE1).

· Specification of enhancements to L2 wireless transport [RAN2-led, RAN3]:

· Specification of an adaptation layer above RLC layer. The adaptation layer supports routing across the wireless backhaul and IP as next protocol layer. 

· Extension of LCID space and potentially LCG space to support one-to-one mapping of UE bearers to BH RLC channels. The extension of LCID space and LCG space is applicable only to IAB-nodes.

· Specification of a flow control mechanism (for DL and, if necessary, for UL) to handle congestion. 

· Specification of mechanisms to enable lossless delivery in hop-by-hop ARQ.

· Specification of signalling for L2 transport and resource management [RAN2-led, RAN3, RAN1]:

· Specification of RRC and F1-AP procedures and messages for: the setup and release of IAB-nodes; configuration of adaptation layer at the IAB-nodes and IAB-donor DU; configuration of BH RLC channels, QoS information, routing tables, bearer-mappings; configuration of means for network synchronization; and configuration for sharing of time-domain resources among backhaul and access links (see physical layer specification). 

· Specification of an IP address allocation mechanism for the IAB-nodes [RAN3]. 
· Specification of enhancements to bearer context setup/release procedures to support flow QoS across multiple hops. 

· Specification of signalling to enable aspects of radio-aware scheduling on IAB-nodes and IAB-donor DUs (e.g. as discussed in TR 38.874 clauses 8.2.4.2-3).

· Specification of enhancement for uplink resource request procedure and related signalling to enable low latency uplink data scheduling. 

· Specification of BH RLF handling (e.g. downstream BH RLF notification).

4.1
Agreements from RAN2#105

Agreements referenced in section 3 above are highlighted in yellow. 

Adaptation layer functionality

-
RAN2 confirms that routing and bearer mapping (e.g. mapping of BH RLC channels) are adaptation layer functions
-
RAN2 assumes that the TX part of the adaptation layer performs routing and “bearer mapping”, and the RX part of the adaptation layer performs “bearer de-mapping”.
-
RAN2 assumes that SDUs are forwarded from the RX part of the adaptation layer to the TX part of the adaptation layer (for the next hop) for packets that are relayed by the IAB node.
-
It is FFS how to model adaptation layer protocol entities, e.g. whether separate for DU and MT or not, and how these are configured, i.e. via F1-AP or RRC.
L2 configuration

-
RAN2 assumes that IAB-donor CU is controlling the setup and modification of all backhaul channels in the IAB network below the IAB-donor.
-
RAN2 assumes that a separate BH RLC channel should be setup for each UE DRB with one-to-one bearer mapping. 

-
RAN2 assumes that for a UE DRB with many-to-one bearer mapping, a BH RLC channel associated with IAB node existing BH RLC channel might be reused as BH RLC channel to forward traffic of this UE DRB (e.g. if the BH RLC channel supports the required UE DRB QoS).

-
RAN2 assumes that IAB-donor CU configures the adaptation layer.

- 
RAN2 assumes that routing is a function of the adaptation layer. 

-
The details of the routing functionality, e.g. what is configured vs. what is decided locally, is FFS. 

BH radio-link failure

-
RAN2 assumes that there is a RLF-notification at BH RLF, at least to downstream node(s).

-
Alternate routes and/or Dual Connectivity could be utilised at recovery at a failure of a BH link. 
-
Current UE RLF detection and recovery is reused as baseline
-
It is FFS, whether other indications are needed, e.g. when link has recovered, or when recovery is in progress.
4.2 
Agreements from RAN3#103

Agreements referenced in section 3 above are highlighted in yellow. 

1. The donor needs to know that the IAB-node MT is not a normal UE

2. SA for IAB node: 

AMF includes “IAB Authorized” IE in the INITIAL CONTEXT SETUP REQUEST/CONTEXT MODIFICATION REQUEST messages

3. NSA for IAB node: 

MME includes “IAB Authorized” IE in the INITIAL CONTEXT SETUP REQUEST/CONTEXT MODIFICATION REQUEST messages

The eNB should include “IAB Authorized” IE in SgNB ADDITION REQUEST/MODIFICATION REQUEST messages

4. Routing/forwarding for F1-C and for F1-U should be the same
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