
3GPP TSG-RAN WG3-#99
R3-181364
Athens, Greece, 26th February – 2nd March 2018
Source:
vivo
Title:
Architecture and protocol stack for IAB
Agenda Item:
24.1
Document for:
Discussion and Decision
1. Introduction & Background

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(IAB) 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
At RAN2 ad hoc 1801meeting, IAB was discussed and the following agreement were captured [2]
Agreements

1: 
The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded
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.
And also some agreements on Topology and Architecture:
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 FFS4:
This contribution further discussed potential architecture and protocol stack for IAB deployment in NR.
2. Discussion
2.1. Architecture for NR SA
As has been agreed in RAN2 both SA and NSA should be supported. The SA case should be the basic and most essential case to be supported for IAB, the following figure gives an example of overall architecture for SA case.
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Figure 1.  Architecture for NR SA IAB deployment
In NR, a gNB has components: a centralized gNB-CU and distributed gBN-DU. The CU functionality to terminate RRC/PDCP and AMF using NG connectivity. The distributed DU terminates RLC/MAC/PHY. Similar functionality can be be considered for IAB where the IAB node terminates RLC/MAC/PHY towards the UE while RRC/PDCP is terminated in CU. With this gNB CU /DU split gNB architecture, for NR SA with integrated access backhaul (IAB), three possible IAB deployment scenario can be considered:

· All IABs and donor gNB have full CU and DU functions
· Donor gNB has full CU and DU function and IABs are DUs, with additional multi-hop relaying function
· Donor gNB and some IAB have full CU and DU functions and some IABs have just DU function.

Depending on operator deployment of typical IABs deployment for coverage enhancement, the IAB does not need to support all gNB CU and DU functions. In such case deploying IAB with full CU and DU functions will introduce additional unnecessary IAB deployment cost.
Proposal 1: IAB study for NR SA should mainly focus on IAB with DU functionalities.
2.2. Architecture for NSA

As NSA may be deployed in the first phase for many operators, he RAN2 agreements on IAB discussions also include supporting of IAB deployment in case of the, it seems supporting of NSA case of NSA.

As described in figure 2.
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Figure 2. Architecture for NSA IAB deployment 
As the EN-DC gNB may not establish control plane for the IAB, with the architecture option 3 the UE part of the IAB can first establish connection LTE eNB connection wirelessly and then configuring the gNB. In architecture, the eNB may also provide backhaul link for IAB using LTE uU function. eNB providing backhaul link to IAB is typical to LTE release 10 RN. Therefore should not be considered with high priority in this study item.
Proposal 2: IAB study on NSA should focus on backhauling with NR.
2.3. 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：
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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 3: L2 relay to be chosen for further study for the realization of integrated access and backhaul.

3. Conclusion

This contribution discussed architecture and protocol stack for IAB and concluded with the following observation and proposals:
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.
Proposal 1: IAB study for NR SA should mainly focus on IAB with DU functionalities.
Proposal 2: IAB study on NSA should focus on backhauling with NR.
Proposal 3: L2 relay to be chosen for further study for the realization of integrated access and backhaul.
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