3GPP TSG-RAN WG2 #101bis
R3-1804702
Sanya, China, 16~20 April, 2018
Agenda item:
11.1
Source:
Samsung

Title:
Discussions on user plane protocol for IAB  
Document for:
Discussion & Decision
1 Introduction

In last RAN3 meeting, a way forward based on offline workshop was given by introducing 2 options for L2 relay and 3 options for L3 relay [1]. In this contribution, we will address the user plane protocol stack structure for L2/L3 relay, and give detailed stacks for L2 relay considering the UE bearer transmission. 
2 Discussions

In [1], architecture 2a for L3 relay and architecture 1a/1b for L2 relay have been prioritized with the following description:
“Architecture 1a: 

· Backhauling of F1-U uses an adaptation layer or GTP-U combined with an adaptation layer. 

· Hop-by-hop forwarding across intermediate nodes uses the adaptation layer.

Architecture 1b: 

· Backhauling of F1-U on access node uses GTP-U/UDP/IP. 

· Hob-by-hop forwarding across intermediate node uses the adaptation layer
Architecture 2a: 

· Backhauling of F1-U or NG-U on access node uses GTP-U/UDP/IP.
· Hop-by-hop forwarding across intermediate node uses PDU-session-layer routing.”
For L3 relay, it is introduced on the basis of LTE relay architecture, and the protocol stack is shown in Fig. 1 to achieve the hop-by-hop routing. 
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Fig. 1 L3 relay protocol stack (Architecture 2a)

In our understanding, architecture 2a can reuse LTE relay features as much as possible. The gNB part of the each IAB Node can be considered as full gNB or an gNB with CU-DU split. Thus, the impact to the specification may be small. Moreover, it may enable better scalability (more easily achievable) than L2 relay. However, one of drawbacks for L3 relay is that it may introduce higher overhead compared to L2 relay. At this stage, we think it is beneficial to continue studying on this architecture considering the small specification impact. 
Proposal 1: Architecture 2a should be kept as one option during the SI stage considering its small specification impact.
The architecture 1a/1b is designed based on CU-DU split, which is quite different from LTE relay. Since we didn’t have such study before, it is valuable for us to take deep analysis on the two options.  In the following, we will discuss Arch. 1a and Arch. 1b separately considering transmitting data between UE and IAB Donor via two IAB nodes, i.e., IAB node 1 and IAB node 2. Before that, we have some general definitions:
· UE bearer: one DRB of one UE attached to the IAB node 

· IAB node bearer: one DRB of MT@ IAB node

2.1 Architecture 1a

As indicated above, Arch. 1a allows an adaptation layer only or GTP-U combined with an adaptation layer to backhauling F1-U. The corresponding protocol stack is shown in Fig.1.  In this protocol stack, adaptation layer is needed in the IAB nodes, which is used for routing the packet to the desired DRB of desired UE. To make the processing simple, the GTP-U layer at DU part of IAB Node 1 and the corresponding part in IAB Donor CU may not be necessary. 
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Fig. 1 Protocol stack of Architecture 1a

In Fig. 2&3, we give the detailed protocol stack for Arch. 1a with adaptation layer only and that with both GTP-U and adaptation layer, respectively.  In these figures, we considering n UEs (i.e., UE1~UEn) are attached to IAB Node 1, and their packets are transmitted to IAB Donor via IAB Node 1 and IAB Node 2. The IAB Node 1 bearers are DRB1~DRBx, and IAB Node 2 bearers are DRB1~DRBm. In both figures, some common points are as follows:

·  CU@IAB Donor will perform the bearer mapping between UE bearer and IAB node bearer for each IAB node, i.e., between UE bearers and IAB Node 1 bearers, between UE bearers and IAB Node 2 bearers. 
· IAB Node 2 bearers (i.e., DRB1~DRBm) are transmitted via m F1-U tunnels between CU@IAB Donor and DU@IAB Donor

· IAB Node 2 bearers (i.e., DRB1~DRBm) are transmitted via NR Uu between DU@IAB Donor and MT@IAB Node 2
· IAB Node 1 bearers (i.e., DRB1~DRBx) are transmitted via NR Uu between DU@IAB Node 2 and MT@IAB Node 1

· IAB Node 2 performs bearer mapping between IAB Node 1 bearers and IAB Node 2 bearers

· Adaptation layer is needed, which is used to add/remove UE ID and UE DRB ID. 

· MT@ IAB node is not configured with PDCP/SDAP layer for data reception and transmission

The difference between Fig. 2&3 are given as follows:
· 1a - Adaptation layer only (Fig. 2): the adaptation layer is added below SDAP/PDCP in CU@IAB Donor, and above RLC in MT@IAB Node 2, DU@IAB Node 2, and MT@IAB Node 1.  In this option, the F1-U tunnel for each UE DRB is not set up between CU@IAB Donor and IAB Node 1, and the routing of the packet relies on the adaptation layer.  
· 1b- GTP-U layer + Adaptation layer (Fig. 3): In this option, the F1-U tunnel for each UE DRB is set up between CU@IAB Donor and IAB Node 1. However, this F1-U tunnel is a simplified one since there is no UDP/IP. For DL data, the adaptation layers below SDAP/PDCP/GTP-U in CU@IAB Donor and above RLC in MT@IAB Node 2 are needed; it can allow MT@IAB Node 2 to perform the mapping from IAB Node 2 bearer to IAB Node 1 bearer. However, the adaptation layer at DU@IAB Node 2 and MT@IAB Node 1 is unnecessary since when the GTP-U layer receives data from IAB Node 2, it can differentiate UE DRB based on the information in GTP-U header; Similarly, for UL data, the adaptation layers in MT@IAB Node 1 and DU@IAB Node 2 are needed; however, the adaptation layers below SDAP/PDCP/GTP-U in CU@IAB Donor and above RLC in MT@IAB Node 2 are unnecessary since the UE bearer can be differentiated via GTP-U header. 
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Fig. 2 Detailed protocol stack (Architecture 1a --with adaptation layer only)
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Fig. 3 Detailed protocol stack (Architecture 1a -- with GTP-U + adaptation layer)
2.2 Architecture 1b
This option aims at delivering the UE packet via the PDU-session established between MT part of IAB Node and UPF in IAB Donor. The protocol stack is given in Fig. 4. In this protocol stack, adaptation layer is needed in the IAB nodes, which is used for routing the packet to the desired DRB of desired UE. As Arch. 1a, Adaptation layer is used to add/remove UE ID and UE DRB ID. To support PDU session establishment, the SDAP/PDCP layer is needed at MT part of IAB Node 1. 
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Fig. 4  Protocol stack of Architecture 1b
In Fig. 5, we give the detailed protocol stack considering UE bearer transmission over IAB Node 1&2. Compared to option 1a (with adaptation layer only), the main difference is:
· A complete F1-U tunnel is set up for each UE bearer between MT@IAB Node 1 and CU@IAB Donor. 

· SDAP/PDCP layer is used for transferring F1-U data between MT@IAB Node 1 and CU@IAB Donor. As shown in Fig. 5, the SDAP/PDCP layer is configured per UE bearer, while the RLC layer is configured per IAB Node 1 bearer, which is different from the current NR Uu interface (i.e., SDAP/PDCP/RLC layer is configured for the same bearer)
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Fig. 5 Detailed protocol stack (option 1b)
2.3 Comparison between 1a and 1b
Based on the above discussions, we can notice that the adaptation layer is needed among all options. Thus, we propose:

Proposal 2: The adaptation layer is needed for Arch. 1a and Arch. 1b, which is used to add/remove UE ID and DRB ID in a packet. 
The following table gives the comparison between Arch. 1a and Arch. 1b. 
	
	Pros. 
	Cons. 

	Arch. 1a (adaptation layer only)
	Smallest overhead 
	· Large impact to F1 interface (e.g., no F1-U tunnel for UE bearer)
· Impact to NR Uu (SDAP/PDCP layer is not configured for IAB Node bearer at MT part of IAB Node)

	Arch. 1a (adaptation layer + GTP-U)
	Adaptation layer is not always needed
	· Medium overhead
· Impact to F1-U (e.g., UDP/IP layer is not needed) 
· Impact to NR Uu (SDAP/PDCP layer is not configured for IAB Node bearer at MT part of IAB Node)

	Arch. 1b
	Smallest impact to F1 interface
	· Highest overhead
· Impact to NR Uu interface (e.g., the SDAP/PDCP layer configuration is per UE DRB, while RLC configuration is per IAB Node bearer)


During SI, we think all options above need further study since the performance of those options are highly related to adaptation layer design, e.g., adaptation layer location in a single node (above RLC, mid-RLC, above MAC) [2], adaptation layer location in IAB Donor (CU or DU) [2]. However, at this stage, our thinking is that the multi-hop network introduced by IAB structure will enlarge the transmission delay of the UE data, and such delay will be increased with the number of hops. To reduce the delay, it is important to simplify the processing at the IAB Node and reduce the overhead. Thus, we slightly prefer to Arch. 1a (adaptation layer only).
Proposal 3: Both Architecture 1a &1b need further study by considering the adaptation layer design. 
Proposal 4: Architecture 1a (adaptation layer only) results in the smallest overhead, which is beneficial for the latency reducing and processing simplification in multi-hop IAB network. 

3 Conclusion
In this contribution, we discuss the protocol stack for Architecture 1a &1b, and we propose:

Proposal 1: Architecture 2a should be kept as one option during the SI stage considering its small specification impact.
Proposal 2: The adaptation layer is needed for Arch. 1a and Arch. 1b, which is used to add/remove UE ID and DRB ID in a packet.
Proposal 3: Both Architecture 1a &1b need further study by considering the adaptation layer design. 

Proposal 4: Architecture 1a (adaptation layer only) results in the smallest overhead, which is beneficial for the latency reducing and processing simplification in multi-hop IAB network.
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