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1 Introduction

In RAN2 NR AH-1801, it was agreed that
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). 

3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS

This contribution addresses the left issues of User Plane for IAB-node.
2 Discussion
In [1], different alternatives for user plane implementation are described in detail. For architecture 1a, generally two alternatives are provided:

· Adaptation layer above RLC layer;

· Adaptation layer integrated with MAC layer or above MAC layer;

In this paper, we only provide view on the implementation details on the former case. And before that, we provide an example of adaptation layer header format as Figure 1 as F1*-U interface, which is used to carry additional information for further functionality required for IAB network. 
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Figure 1 An example of adaptation layer header (in red block)

2.1 Routing 
For intermediate IAB-node, we focus on routing functionality first.
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Figure 2 Adaptation layer header for routing (left: DL, right: UL)

· Downlink: Routing is needed at least for downlink data, where the packet is to be delivered to the destination IAB-node and further to the UE. To implement this, the routing of packet data can be based on the IAB node address, i.e., the intermediate node only cares which node to forward the packet to. This solution can fully support the flexibility of single or multi-connectivity.

Proposal 1 For the case of adaptation layer above RLC layer of option 1a, support routing functionality by including IAB node address in adaptation layer, for downlink.
· Uplink: For uplink packets, from routing perspective, there is no motivation to have an explicit destination address, since each IAB-node can simply forward the UL-direction packet to IAB-donor.

Proposal 2 For the case of adaptation layer above RLC layer of option 1a, no need to support routing functionality, for uplink.
2.2 UE/Bearer identification  
Considering Proposal 1 and Proposal 2 above, the adaptation layer header in Figure 1 should include IAB node address for downlink, which helps the packet identification at IAB-node granularity. The left problem is how to refine the identification to the served UE level, and further to the bearer level, of the served UE. To achieve that, the GTP-UE TEID is a straightforward solution. Note that the intermediate nodes do not need to look into that part (at least for UE/bearer identification and routing).
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Figure 3 GTP-UE used for UE/bearer identification

Proposal 3 For the case of adaptation layer above RLC layer of option 1a, rely on the GTP-U for UE/bearer identification by access IAB-node and IAB-donor. 

On top of that, one issue is that for the e.g., for the OAM data of MT of an IAB-node, whether 

· Alt-A) it can be seen as a ‘UE’ of the parental IAB-node of the said IAB-node; 
· Alt-B) Or See that as a ‘UE’ of the said IAB-node itself;

That would make a difference on the protocol stack for MT part. 
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Figure 4 The protocol stack of MT (left: Alt-A, right: Alt-B)

As shown in Figure 4, the two alternatives mainly differ in terms that whether a GTP-U is to be applied:

· Alt-A: Since MT is a ‘UE’ of its parental IAB-node, it would be the job of its parental node to generate the GTP-U header, so that GTP-U layer is not applied to the stacks for MT.

· Alt-B: Since MT is a ‘UE’ of its own, it would be the job of its own to generate the GTP-U header, so that GTP-U layer is applied to the stacks for MT.

In other alternatives, adaptation layer should be applied. Otherwise, it is infeasible to multiplex the data of MT and the data of UE into the same RLC channel, unless some enhancement is made at MAC subheader (e.g., LCID) or RLC header.

Proposal 4 For the case of adaptation layer above RLC layer of option 1a, RAN2 discuss whether to have a unified design of adaptation layer design for data of UE and MT.

2.3 QoS Enforcement
As shown in the following figure, there is one new functionality to be considered, i.e., the priority handling for the different bearers of same / different UEs from same / different RLC channels from same / different upper level IAB-nodes.
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Figure 5 Priority handling functionality for IAB-node

Before looking into the detailed procedure of the QoS enforcement, one needs to first decide on the QoS enforcement granularity, which can be divided into two cases:

· Case-1 (UE-bearer level): each IAB-node has to look into the header for UE/bearer identification (e.g., GTP-U header), which means that each IAB-node has to filter the RLC SDU further into bearer-specific packets;
· Case-2 (RLC channel level): each IAB-node just need to look into the RLC channel ID (e.g., LCID in the MAC subheader;
Furthermore, after decision on the QoS enforcement level, one may wonder what the QoS factors to be enforced by the IAB-node are. It is good to re-screen the existing QoS factors, e.g., 5QI, ARP, GFBR, MFBR, UE-AMBR and APN-AMBR, and filter out the ones that are about to be utilized at IAB-node. For example, 
· For case-1, all related QoS factors can be applied;

· For case-2, without knowing the UE & bearer ID, it is hard to enforce GFBR, MFBR, UE-AMBR and APN-AMBR, so only 5QI and ARP are feasible to be applied;

Considering the dynamic topology and multi-connectivity, it is anyway difficult for a single IAB-node to enforce GFBR, MFBR, UE-AMBR and APN-AMBR. 

Combine the two aspects above, we prefer case-2, and thus 5QI and ARP are expected to be applied for QoS enforcement in IAB-network.

Proposal 5 For the case of adaptation layer above RLC layer of option 1a, IAB-node enforces QoS at RLC channel level.

Proposal 6 For the case of adaptation layer above RLC layer of option 1a, IAB-node relies on 5QI and ARP for QoS enforcement .

2.4 Multi-hop ARQ
The main issue here is that due to the introduction of the inter-mediate IAB-node, the RLC status at IAB-donor and UE becomes unaligned. It is mainly due to the packet which has been delivered to IAB network already, but not reached UE yet, as shown in Figure 4 below.
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Figure 6 The unaligned RLC status at IAB-donor and UE, due to intermediate IAB-node

For the current NR user plane stack, the current PDCP behaviour relies on service provided by lower layer
Acknowledged data transfer service, including indication of successful delivery of PDCP PDUs;
In other words, the PDCP has to be updated on the delivery status of PDCP PDU. Then w.r.t. the delivered-yet-not-reached packet, there could be two ways to handle it:

· Either to rely on report from UE, i.e., the report from UE on the PDCP status report, however, that is not doable if considering legacy UE which has defined trigger(s) for status report already.

· Or to rely on report from the IAB-node, either access IAB-node for UL, or the IAB-node closest to IAB-donor. For example, for DL, the ARQ ACK report is sent from IAB node2 to IAB-donor, i.e., IAB-donor only receive an ARQ ACK, if IAB-node1 has delivered it to UE already.

The former one is easier and quicker (in terms of end-to-end delay) but loses the backwards compatibility, while the latter one is the opposite situation. Therefore, somehow both are not good in some sense. 

Or the third candidate, it is to enable RLC SDU forwarding between IAB-node(s) – so that to ensure, once a packet is sent to an IAB node, it is the job of IAB-node to ensure lossless transmission. 

Proposal 7 For the case of adaptation layer above RLC layer of option 1a, RAN2 discuss how for IAB-donor (for DL) and UE (for UL) to get PDCP PDU delivery status.

3 Conclusion
Based on the discussion in section 2, we propose:
Proposal 1
For the case of adaptation layer above RLC layer of option 1a, support routing functionality by including IAB node address in adaptation layer, for downlink.
Proposal 2
For the case of adaptation layer above RLC layer of option 1a, no need to support routing functionality, for uplink.
Proposal 3
For the case of adaptation layer above RLC layer of option 1a, rely on the GTP-U for UE/bearer identification by access IAB-node and IAB-donor.
Proposal 4
For the case of adaptation layer above RLC layer of option 1a, RAN2 discuss whether to have a unified design of adaptation layer design for data of UE and MT.
Proposal 5
For the case of adaptation layer above RLC layer of option 1a, IAB-node enforces QoS at RLC channel level.
Proposal 6
For the case of adaptation layer above RLC layer of option 1a, IAB-node relies on 5QI and ARP for QoS enforcement .
Proposal 7
For the case of adaptation layer above RLC layer of option 1a, RAN2 discuss how for IAB-donor (for DL) and UE (for UL) to get PDCP PDU delivery status.
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