3GPP TSG-RAN WG3 Meeting #99bis                                                              R3-181945
Sanya, CHINA, 16 – 20 April 2018

Agenda item:       24.1
Source: 

Qualcomm Incorporated
Title: 
IAB – U-plane transport for L2-relaying 
Document for:
Discussion
1. Introduction
The IAB study item aims to define integrated access and backhauling (IAB) solutions for NR. The following agreements were made in RAN-2 NR Ad hoc 1801 [1]: 
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.
In RAN-3 #99, a multi-company proposal established five generic IAB architectures for L2- and L3-relaying in compliance with the above agreements [2]. 
This paper discusses aspects related to U-plane transport across backhaul links for L2-relaying architectures. The discussion focuses on operation with NGC. Operation with EPC and NSA-mode should be possible as discussed in [3].
2. Discussion
2.1 L2-relaying architectures
R3-181502 [2] introduces two L2-relaying reference architectures referred to as Architecture 1a and Architecture 1b.

Architecture 1a:
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Figure 1a: Reference diagram for Architecture 1a (standalone mode)
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Figure 1b: Reference diagram for Architecture 1b (standalone mode)
Both architectures leverage CU/DU-split with the following features:
· The IAB node collocates a DU and a Mobile Termination function (MT). Via the MT, the IAB-node connects to an upstream IAB-node or the IAB-donor. Via the DU, the IAB-node establishes RLC-channels to UEs and to MTs of downstream IAB-nodes. 
· The donor also holds a DU to support UEs and MTs of downstream IAB-nodes. The IAB-donor holds a CU for the DUs of all IAB-nodes and for its own DU.

The following U-plane protocol modifications are considered in this document:

· F1 is modified and referred to as F1*:

· In Architecture 1a, the end-to-end UE-bearer association of F1*-U is transported within the L2 stack.

· In Architecture 1b, the end-to-end association of F1*-U is carried over a PDU-session between the MT, that is collocated with the DU, and a UPF residing on the donor. 

· The RLC-channel on backhaul links may be modified and is referred to as RLC*. 
· An adaptation layer is introduced into the layer-2 stack of the backhaul links for routing.

The following section discusses modifications to F1-U as well as identifiers that need to be carried on L2.
2.2 User-Plane Aspects
2.2.1 F1*-U functionality 
F1*-U should support the same principal functionality as F1-U, which includes:
· End-to-end UE-bearer association between DU and CU. Native F1-U uses TEID in the GTP-U header for this purpose. 

· Routing across multi-hop wireless backhaul. For routing across wireline fronthaul, F1-U uses IP addresses on IP header for this purpose.
· Service differentiation on wireless backhaul links. F1-U uses DSCP field on IP header for service differentiation on wireline fronthaul links.
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Figure 2: U-plane protocol stack alternatives for Architecture 1a 
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Figure 3: U-plane protocol stack for Architecture 1b 
2.2.2 U-plane Protocol stack options for Architecture 1a

For Architecture 1a, four alternatives (A to D) are considered for F1*-U functionality (Figure 2):
Alternative A 

· End-to-end UE-bearer association is carried via GTP-U between the UE’s access-IAB-node and the IAB-donor. The GTP-U header is only evaluated on these end nodes. The GTP-U header may carry the same information as for native F1-U.

· Routing is based on a route identifier, such as an IAB-node address, which is carried by the adaptation layer. The adaptation layer is evaluated hop-by-hop. It carries GTP-U on top. 
· Service differentiation on the backhaul link is enforced through service-class-specific RLC-channels. The service class is indicated via a service-class Id, which is carried by the adaptation layer and evaluated hop-by-hop. The adaptation layer itself is carried on top of RLC.
Alternative B
· End-to-end UE-bearer association is carried by the adaptation layer between the UE’s access IAB-node and the IAB-donor. Since the adaptation layer also carries hop-by-hop information it can be logical divided into a higher portion and lower portion, where the end-to-end UE-bearer association is carried in the higher portion.

· Routing is based on a route identifier, such as an IAB-node address, which is carried in the lower portion of the adaptation layer, since it is evaluated hop-by-hop. 

· Service differentiation on the backhaul link is enforced through service-class-specific RLC-channels as in Alternative A. The adaptation layer is carried on top of RLC.

Alternative C: 

· End-to-end UE-bearer association is carried in the MAC sub-header hop-by-hop between the UE’s access-IAB-node and the IAB-donor. One unique association Id may be used end-to-end for each UE-bearer. Alternatively, link-specific association Ids are used together with a mapping on each IAB-node to concatenate them together to an end-to-end association. 

· Routing is based on the UE-bearer-specific identifier carried on the MAC sub-header. 

· Service differentiation is enforced via a separate logical channel for each UE-bearer on each backhaul link between the UE’s access-IAB-node and the IAB-donor. 

Alternative D: 

· End-to-end UE-bearer association uses the same approach as Alternative C. 
· Routing uses the same approach as Alternative C. 

· Service differentiation is enforced by allocating an end-to-end RLC association for each UE-bearer between UE and IAB-donor. This end-to-end RLC association only includes the upper portion of RLC, i.e. ARQ for RLC-AM. The lower portion of RLC, i.e. PDU segmentation, is still conducted hop-by-hop. The service class of an RLC-association is indicated by the UE-bearer-specific identifier.
Proposal 1: The study should consider the above modifications of F1-U for L2-relaying architecture 1a.

2.2.3 U-plane Protocol stack options for Architecture 1b

For Architecture 1b, the following F1*-U functionality is considered (Figure 3):
· End-to-end UE-bearer association is carried via GTP-U/UDP over the IP-based PDU-session between the MT of the UE’s access-IAB-node and a UPF residing on the NG-interface of the IAB-donor. The GTP-U header is only evaluated on these end nodes. The GTP-U header carries the same information as native F1-U. 
· Routing is based on a route identifier, such as an IAB-node address, which is carried on adaptation layer. The adaptation layer is evaluated hop-by-hop. It carries the PDCP layer of the DRB, which supports the PDU-session for the end-to-end UE-bearer association. 

· Service differentiation on the backhaul link is enforced through service-class-specific RLC-channels. The service-class is indicated via a service-class Id on adaptation layer, which is evaluated hop-by-hop. The adaptation layer is carried on top of RLC.

Proposal 2: The study should consider the above modification of F1-U for L2-relaying Architecture 1b.
2.2.4 Comparison of alternatives for L2-relaying

For Architecture 1a, alternatives A and B are very similar as GTP-U used by alternative A can be considered a special form of the higher portion of the adaptation layer in alternative B. Since GTP-U is already rather compact not much improvement can be expected in efficiency. 
Main features of Alternative A and B:

· Performance: QoS enforcement on the backhaul emphasizes on aggregated service classes. UE-bearer specific QoS, such as GBR services or stringent latency requirements across multiple hops, is not achievable.
· Signalling: Routing and service class prioritization can be proactively configured. This reduced UE-related signalling to the UE’s access-IAB node and the donor.
· Specification impact: The adaptation layer has to be introduced.

Main features of Alternative C:

· Performance: UE-bearer-specific QoS can be enforced along a chain of backhaul links. Therefore, GBR services and stringent latency requirements across multiple hops can be enforced.

· Signalling: Routing and QoS configuration must be configured on all on-path IAB-nodes on demand, i.e. as UEs arrive and depart. This signalling load is higher than for alternatives A and B.

· Specification impact: The LCID-space has to be extended. This has implications for MAC and RRC.

Main features of Alternative D:
· Performance: UE-bearer-specific QoS can be enforced along a chain of backhaul links in the same manner as in Alternative D allowing support for GBR services and stringent latency requirements across multiple hops. End-to-end RLC across multiple hops may add delay since the round-trip-time for retransmissions increases with hop count.
· Signalling: Routing and QoS configuration must be configured on all on-path IAB-nodes on demand, i.e. as UEs arrive and depart. This signalling load is higher than for alternatives A and B.
· Specification impact: RLC-split needs to be introduced and the LCID-space has to be extended. Further, a congestion control mechanism needs to be specified since RLC AM is conducted across multiple hops. Congestion may be regulated via backpressure or other means. Also, radio-link monitoring (RLM) needs to be revised since RLC packet loss may not be an indication of RLF but of congestion on intermediate nodes.
Overall, Alternatives A and B provide better scalability to larger topologies than Alternatives C and D at the cost of less QoS granularity. Alternative D has substantially more specification impact than Alternative C without providing obvious benefits.
When comparing Architectures 1b to Architecture1a, the following observations can be made:
· Performance: Architecture 1b carries substantially higher overhead over the air interface and requires more processing. QoS support is comparable to that of alternatives A and B of Architecture 1a. It cannot achieve the bearer-specific QoS support of alternative C.

· Signalling: Architecture 1b requires a UPF function on the IAB-donor which implies more core-network signalling. 
· Specification impact: Allocation of UPF functionality for IAB at RAN may have additional specification impact on NGC. For 5G architecture options 3 (NSA with EPC), changes to EPC may be necessary.
There are no obvious benefits of Architecture 1b over Architecture 1a.

3. Conclusions

This contribution discusses U-plane aspects of L2-relaying architectures. The following proposals have been made:
Proposal 1: The study should consider the above modifications of F1-U for L2-relaying Architecture 1a.

Proposal 2: The study should consider the above modification of F1-U for L2-relaying Architecture 1b.
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Annex
The following addition to TR 38.874 is proposed:

********* Start of Change **********
6.1 General

…
6.2 Architecture group 1
6.2.1 Overview

…

6.2.2 User plane Aspects 

6.2.2.1 Architecture 1a
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Figure x.x: U-plane protocol stack alternatives for Architecture 1a 
Architecture 1a, four alternatives (A to D) are considered for F1*-U functionality (Figure x.x).
6.2.2.2 Architecture 1b
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Figure y.y: U-plane protocol stack for Architecture 1b 
For Architecture 1b, the following F1*-U functionality is considered (Figure y.y).

********* End of Change **********
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