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Introduction
As part of the Study Item on Integrated Access and Backhaul for NR [1], 3GPP has agreed to identify and evaluate potential solutions for the following requirements and aspects associated with the efficient operation of integrated access and wireless backhaul for NR [1]. 
· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 
· Multi-hop and redundant connectivity
· End-to-end route selection and optimization
· Support of backhaul links with high spectral efficiency
· Support of legacy NR UEs

At the RAN2 #AH_1801 meeting the following agreements were made regarding IAB SI:
Agreements
1: 	The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded
2	Common architecture supports both in-band and out-of-band IAB scenarios. 
2i	In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1)
2ii	Out-of-band IAB scenarios are also supported using the same set of RAN features designed for in-band scenarios.  Study whether additional RAN features are needed for out-of-band scenarios
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.


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.

Additionally, in TR 38.874 v0.1.0 the terms IAB-node and the IAB-donor were defined as follows:
· IAB-node: RAN node that supports wireless access to UEs and wirelessly backhauls the access traffic. 
· IAB-donor: RAN node which provides UE’s interface to core network and wireless backhauling functionality to IAB nodes.

RAN3 has been discussing various L2 and L3 relaying options for IAB [2]. The specific use cases and scenarios to be addressed in the study item are still being discussed. Although no decisions on relaying architecture have yet been made, each architecture has corresponding user plane protocol stack design impacts that affect RAN2 work. In this contribution we provide protocol stack design considerations for various L2 relaying designs, and encourage RAN2 to consider these aspects while studying IAB relaying. 

User Plane Protocol Design Considerations
For each of the L2 relaying designs being considered, there will be at least some RAN2 specification impact on the user plane protocol design. The main impact is the need to introduce a new Adaptation Layer to provide routing and potentially bearer aggregation functionality. As described in [2], several different designs have been discussed regarding placement of the adaptation layer functionality in the user plane protocol stack. The main flavors are as follows (shown only for architecture 1a from [2] for a 2-hop relay case) :
· Option 1: New adaptation layer is introduced above the RLC layer at the IAB node
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· Option 2: A new adaptation layer is introduced above the MAC layer at the IAB node. In this option, the RLC layer resides at the IAB node, so that RLC ARQ is performed hop-by-hop for each relay hop. 
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· Option 3: In this option, a new adaptation layer is also introduced above the MAC layer at the IAB node. However, the RLC layer is divided into two parts, where the lower RLC functionality resides at the IAB nodes and upper RLC functionality resides at the IAB donor to provide end-to-end RLC ARQ between IAB donor and UE.
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RAN2 user plane protocol design implications of the above designs are discussed below: 
Option 1: Adaptation layer above RLC layer at IAB node 
· New specification work mainly restricted to new adaptation layer
· Almost no impact to MAC, RLC, and PDCP specifications

Option 2: Adaptation layer above MAC layer, with full RLC layer at IAB node
· May need enhancement of MAC sub-header to incorporate UE ID for routing and multiplexing 
· May need extension of LCID space to accommodate potentially larger number of bearers 
· Potentially no impact to RLC and PDCP specifications
· Able to exploit the MAC layer’s inherent ability to multiplex different bearers

Option 3: Adaptation layer above MAC layer, with lower RLC at IAB node, and end-to-end RLC ARQ between IAB donor and UE.
· Greatest RAN2 specification impact of all three options, with potential impacts to MAC, RLC, and PDCP specifications 
· Same MAC specification considerations as for Option 2 above. 
· May require extension of SN space at RLC to accommodate longer RTT for multi-hop relay cases.
· Potential effect on Radio Link Monitoring due to end-to-end RLC going across multiple hops.
· May require increasing the range of PDCP reordering timer
· In addition to above specification impact, this option may have potential performance impacts with route switching in multi-hop relay cases. This is because with end-to-end RLC ARQ, when there is a route change involving the change of an IAB node, the RLC variables of the new IAB node will not match the RLC variables of the old IAB node. This could potentially require additional specification work to introduce mitigating solutions. 

Observation 1: L2 relaying designs where end-to-end RLC ARQ is performed between IAB donor and UE with a new adaptation layer introduced above the MAC layer may have greater RAN2 specification impact compared to L2 relaying designs where RLC ARQ is performed on a hop-by-hop basis with a new adaptation layer introduced either above the RLC or MAC layer. 
Observation 2: L2 relaying designs where end-to-end RLC ARQ is performed between IAB donor and UE may have greater performance issues, especially with route switching in multi-hop scenarios, compared to L2 relaying designs where RLC ARQ is performed on a hop-by-hop basis. 
[bookmark: _GoBack]Proposal 1: RAN2 should consider above user plane protocol design implications when evaluating different IAB solutions.

Conclusion
In this contribution, we discussed the user plane protocol design implications of various IAB architecture designs being discussed. The following proposal was made:
Observation 1: L2 relaying designs where end-to-end RLC ARQ is performed between IAB donor and UE with a new adaptation layer introduced above the MAC layer may have greater RAN2 specification impact compared to L2 relaying designs where RLC ARQ is performed on a hop-by-hop basis with a new adaptation layer introduced either above the RLC or MAC layer. 
Observation 2: L2 relaying designs where end-to-end RLC ARQ is performed between IAB donor and UE may have greater performance issues, especially with route switching in multi-hop scenarios, compared to L2 relaying designs where RLC ARQ is performed on a hop-by-hop basis. 
Proposal 1: RAN2 should consider above user plane protocol design implications when evaluating different IAB solutions.
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