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Introduction
Work on the IAB (Integrated Access Backhhaul) Study Item [1] has already begun within RAN2/3. At the January 2018 NR AdHoc meeting, RAN2 came to the following agreements with respect to IAB:  

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.
In this paper we will discuss our view on the physical layer aspect of IAB. 

Terminology
In [1], we proposed the following IAB-related terminology, see also Figure 2‑1.  
· IAB donor node (IAB-DN): The gNB, or part of the gNB, that is using IAB to backhaul other NR nodes 
· IAB node (IAB-N): The NR node being backhauled using IAB  
· IAB backhaul link: The wireless link between IAB nodes or between an IAB node and an IAB donor node 
· IAB access link: The wireless link between an IAB node and a UE
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Furthermore, we will assume that the IAB-based backhaul network does not include any loops. Consequently, it is possible to define downlink and uplink directions also for the IAB backhaul links.
· Downlink direction of IAB backhaul link:  Direction towards UEs
· Uplink direction of IAB backhaul link: Direction towards the IAB donor node
Although the above list of definitions includes the definition of an IAB access link, that link should, specification-wise, be identical to “normal” access links connecting UEs to cells. In other words, a UE should not know that it is accessing the network via a cell created by an IAB node. 
Proposal 1:	The IAB access link should, specification-wise, be identical to normal access links.
We also define the following: 
· IAB tree: The IAB donor node and the  IAB node(s) and UEs that are managed by that IAB donor node are in the same IAB tree
· IAB chain: IAB nodes that connect the IAB donor node to a certain UE are in the same IAB chain. 
· Higher/lower-level IAB node: for IAB nodes in the same IAB chain, the IAB node having fewer number of hops to the IAB donor node is considered as the higher-level IAB node land vice versa. 
IAB spectrum combinations
As illustrated in Figure 3‑1, different spectrum combinations are relevant for IAB
· Backhaul and access in mmw 
· within the same band (inband)
· within different bands (outband)
· Backhaul and access in sub-6
· within the same band (inband)
· within different bands (outband)
· Backhaul in mmw and access in sub-6
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We do not see the combination of backhaul in sub-6 and access in mmw as a relevant IAB spectrum scenario. It can be noted though that, assuming the support for the above listed spectrum combinations, the additional support for backhaul in sub-6 and access in mmw would be straightforward.
If there is a need to prioritize between mmw and sub-6, we believe that backhaul in mmw should have highest priority. 
Proposal 2:	Backhaul in mmw should have highest priority 

IAB physical layer design
General principles
It is proposed, see e.g. [2], that IAB should be based on the already defined CU/DU split, with each IAB node, as well as the IAB donor node, including DU functionality creating cells that can be accessed by UEs as well as IAB nodes further down the IAB chain. As illustrated in Figure 4‑1, each IAB node is then connecting to the next higher-level node by means of a Mobile Terminating (MT) function.  
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It has already been concluded that IAB should strive for maximize the reuse of Rel-15 specifications for the backhaul link. In other words, the MT functionality should as much as possible appear, to the next higher-level node, as a conventional UE. This is especially the case with regards to the lower-layer protocols. Especially, the Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
Proposal 3:	The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link
This does not imply that enhancements to the NR physical layer should not be considered as part of the IAB SI. There are clearly some specific characteristics of the IAB backhaul link that may justify new physical-layer features. As a few examples:
· The IAB backhaul link will typically be more stationary link implying potential benefits from, for example, modified reference signal patterns with reduced RS overhead
· An IAB node may allow for somewhat higher complexity and somewhat higher energy consumption, compared to a conventional battery-powered device, implying that performance-enhancing features earlier not seen as justified due to complexity and/or energy-consumption reasons, may be justified for the IAB backhaul scenario
However, these characteristics are not necessarily unique to the IAB scenairo. As an example, future IoT devices may often be stationary. Further, in some IoT applications, the device complexity and energy consumption may not be as critical as for conventional handheld device. [footnoteRef:1] [1:  Note that we are using the term IoT in a wider context than the applications assumed to be supported by, for example, NB-IoT.] 

As a consequence, physical-layer features considered within the IAB SI should, if agreed upon, not just be included for the IAB backhaul link but should be seen as general physical-layer features applicable also to the access link.
Proposal 4:	Physical-layer features considered within the IAB SI should, if agreed upon, not just be included for IAB backhaul but should be seen as general physical-layer features applicable also to the access link.
IAB-N initial access
When initially accessing the network, an IAB node should behave exactly as a normal UE and use already existing procedures for synchronization, acquisition of system information, and random access. At this stage, the node being accessed (a higher-level IAB node or an IAB donor node) would not be aware of that the accessing “UE” is actually an IAB-N. Once the “IAB UE” has entered connected state, its function as a IAB node, rather than normal UE, can be established. 
Proposal 5:	At least from a physical layer point-of-view, initial access of an IAB node should be the same as 	initial access of a UE. 
Uplink waveform 
NR uplink currently supports two waveforms, (conventional) OFDM and DFT-precoded OFDM, where devices have to support both waveforms. Clearly, the arguments for DFT-precoding. in terms of PA efficiency, is not as valid for the IAB backhaul link compared to the access link. Furthermore, the IAB node anyway needs to support OFDM transmission on the access link. Consequently, the IAB study item should focus on OFDM for the IAB uplink backhaul link 
Proposal 6:	The IAB study item should focus on OFDM for the uplink IAB backhaul link
Proposals
Proposal 1:	The IAB access link should, specification-wise, be identical to normal access links.
Proposal 2:	Backhaul in mmw should have highest priority 
Proposal 3:	The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link
Proposal 4:	Physical-layer features considered within the IAB SI should, if agreed upon, not just be included for IAB backhaul but should be seen as general physical-layer features applicable also to the access link.
Proposal 5:	At least from a physical layer point-of-view, initial access of an IAB node should be the same as 	initial access of a UE. 
Proposal 6:	The IAB study item should focus on OFDM for the uplink IAB backhaul link
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