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1. Introduction
Self-backhauling is considered to be a key enabler for coverage and capacity enhancements in NR. And a new SI Study on Integrated Access and Backhaul for NR[1] was approved to study how to develop access and backhaul link in a more integrated manner. One of the objectives of the SID is following:
· 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 one or multiple wireless backhaul links

In this document, we discuss possible options in implementing relay integrated access and backhaul and present our preference on these options. In particular we will discuss L2 vs. L3 relays.
2. Discussion
2.1. Type of Relays
In our understanding, the relays to be studied in the SI can be classified as L3 and L2 relays. A L2 relay typically refers to a not full-fledged gNB due to supporting less than a complete set of L2 protocols and functionality and is used to forward L2 packets (e.g. PDCP PDU or RLC PDU etc.). While L3 relay is a full-fledged gNB supporting whole L2 protocols and functionality and L3 packets (e.g. IP packet) are forwarded by L3 relay. Examples of protocol stacks for L2 and L3 relays are illustrated as following：

[image: image1.emf]L3

L2 HIGH

Donor gNB

L2 LOW

PHY

L2 LOW

PHY

L2 LOW

PHY

L2 Packet

L3

L2 HIGH

UE

L2 LOW

PHY

Relay


Figure 1: Protocol stack of L2 relay
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Figure 2: Protocol stack of L3 relay
From the potential L2 and L3 relays protocol stack in above figures, we can obtain some observations in the following aspect:
· Forwarding delay
L2 relay just needs to perform low L2 functionalities, i.e. L2 relay may not have to support high L2 functionalities such as packet header compression/decompression, packet encryption/decryption, etc., While L3 relay needs to perform all L2 functionalities, including all the SDAP and PDCP functionalities. Those functionalities would induce additional packets delay. Hence, L2 relay has the benefit of low forwarding delay compared with L3 relay. The benefit is critical to ensure the service QoS in multi-hop relay deployment cases.
Observation 1: Compared with L3 relay, it takes L2 relay shorter time to forward packets to donor gNB, next hop relay, or UE. Therefore, L2 relay can provide better QoS guarantee and is more suitable for multi-hop use cases.
· Device Cost
As mentioned above, L3 relay need to provide PDCP functionalities (include compression/decompression, encryption/decryption), which requires powerful real time computing. Without providing such functionalities, the L2 relay can be less complex and cheaper than L3 relay. Given that NR relay will work on mmWave spectrum, deployment of a dense network of NR relay is expected. From the point of view of CAPEX/OPEX, L2 relay is more suitable for dense deployment than L3 relay. 
Observation 2: L2 relay is less complex and cheaper than L3 relay, and is more suitable for dense deployment from the point of view of CAPEX/OPEX.
· RRC termination
In the L2 relay option, the security keys related to a UE served by the relay is kept in the donor and the UE. As a result, the L2 relay cannot generate its own RRC signaling to UE and cannot encrypt RRC message. Hence, all the RRC signaling shall be terminated in the donor. The main drawback of RRC terminated in the donor has the impact of delaying of RRC signaling.  However, except for mobility related RRC signaling, other RRC messages are not latency-sensitive. 
Given one of objectives of the SI is to support dynamic route selection to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links, we assume a no RRC involved mechanism for relay switch would be considered to achieve the above objective, and the same mechanism can also be reused for UE mobility control. Hence, L2 relay not generate its own RRC signaling is not a big issue in realizing wireless backhaul. 
Observation 3: L2 relay cannot generate its own RRC signaling towards UE, so the latency for RRC message transmission is bigger than L3 relay which can generate RRC signaling to UE directly. But no big issue is identified.
· Specification work
In Rel-10, the LTE-A relay, which is L3 relay, has already been specified. It is expected that some of the Rel-10 relay mechanisms can be reused by NR relay, if L3 relay is selected for NR. 
From the user plane perspective, L2 relay could be further subdivided into four categories: 1. forward MAC PDU; 2. forward RLC PDU; 3. forward PDCP PDU; 4. forward SDAP PDU. If L2 relay is adopted by NR, down selection need to be performed firstly, and then the work mechanisms need to be specified.
Hence, L2 relay may require more specification work than L3 relay.
Observation 4: L2 relay may require more specification work than L3 relay.
Take the above observation into account, L2 relay supports multi-hop use case better and requires lower CAPEX/OPEX in dense deployment than L3 relay, but may require more specification work. Therefore we prefer to select L2 relay for further study in this SI as it better meets the requirements of NR relay for the realization of integrated access and backhaul. 
Proposal 1: L2 relay to be chosen for further study for the realization of integrated access and backhaul.

2.2. CU-DU split
In the study on new radio access architecture and interfaces [2], a new RAN architecture with the decomposition of the gNB between a central unit (CU) and multiple distributed units (DU) have been studied. 8 function split solutions are considered, as illustrated in the following figure.
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Figure 3 Function split between CU and DU
Since PDCP entity change requires key refresh, keep PDCP in CU will reduce the frequency of PDCP reestablish and data interrupt. And RLC segmentation requires real time scheduling information from MAC, keep RLC together with MAC in DU is reasonable. As a result, option2 was selected. In option2, RRC/PDCP are located in the CU, and RLC/MAC/PHY/RF are located in the DU. A new interface between CU and DU (i.e. F1 interface) was studied and specified by RAN3 in the specifications TS 38.471/2/3/4.
The same logic can be followed to perform down selection among varieties of L2 relay. And we propose that L2 relay forwarding PDCP PDU to be chosen for further study. What’s more, an extra benefit of the proposed relay solution can inherit the specification work on F1 interface. So relay forwarding PDCP PDU solution for L2 relay requires less specification work than other L2 relay solutions.
Observation 5: Relay forwarding PDCP PDU solution for L2 relay requires less specification work than other L2 relay solutions.
The protocol stack of the proposed relay is following.
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Figure 4 Protocol stack of proposed L2 relay
Proposal 2: L2 relay with PDCP PDU forwarding (between donor/relay and relay/UE) to be chosen for further study.
3. Conclusion
In this contribution, we discuss possible options in implementing relay, and the observations and proposals are following:
Observation 1: Compared with L3 relay, it takes L2 relay shorter time to forward packets to donor gNB, next hop relay, or UE. Therefore, L2 relay can provide better QoS guarantee and is more suitable for multi-hop use cases.
Observation 2: L2 relay is less complex and cheaper than L3 relay, and is more suitable for dense deployment from the point of view of CAPEX/OPEX.
Observation 3: L2 relay cannot generate its own RRC signaling towards UE, so the latency for RRC message transmission is bigger than L3 relay which can generate RRC signaling to UE directly. But no big issue is identified.
Observation 4: L2 relay may require more specification work than L3 relay.
Observation 5: Relay forwarding PDCP PDU solution for L2 relay requires less specification work than other L2 relay solutions.
Proposal 1: L2 relay to be chosen for further study for the realization of integrated access and backhaul.
Proposal 2: L2 relay with PDCP PDU forwarding (between donor/relay and relay/UE) to be chosen for further study.
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