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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
Integrated Access and Backhaul (IAB) for NR was firstly discussed in RAN2 NR Ad hoc#1801 meeting [1] and consensus as follows has been reached.
Agreements
1: The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded
2Common 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 our sister contribution to RAN2 [1], we discuss resource allocation issues for the IAB backhaul link. In this contribution, we discuss some issues that may influence IAB and potential enhancements to NR that can help improve the efficiency of the IAB backhaul.
2. Capacity of backhaul links
The Un link between an end node and a donor or intermediate hop node is likely to be capacity limited because it is expected to support both Uu links to UEs within the coverage of the donor or intermediate hop node and the traffic being backhauled from end node. Some of the UEs within its coverage may have strict QoS requirements which in turn has an impact on the capacity. It would therefore be beneficial for the backhaul Un link to be as efficient as possible.
According to the agreements above, IAB is focused on physically fixed relays. It is therefore expected that the backhaul link between the end node and the intermediate or donor nodes would essentially be fixed. Such fixed links may potentially have a line of sight as well. As the link is fixed, propagation conditions can be significantly improved by use of beam forming.
Observation 1: IAB backhaul links shall essentially be fixed.
Observation 2: IAB backhaul links can ensure good propagation by use of beam forming.
A fixed beam-formed link is likely to present the following channel effects at the receiver:
High SINR
The beam forming and likely LOS as well as increasing the transmitter directivity also reduces the impact of free space loss leading to high SNIR at the IAB backhaul link receiver. This suggests that higher MCS settings that incorporate higher order modulation schemes can be used for such links. 

Proposal 1: Enhance NR with advanced higher order QAM such as 1024-QAM and 1024-NUC (non-uniform constellations) to be used at least for IAB backhaul.
Low frequency selectivity 
The pointing accuracy of the beam forming results in minimum multipath at the intermediate or donor node antenna. This means that the DM-RS density in the frequency domain can be comparatively lower than on the access link which suffers more frequency selectivity.

Proposal 2: Define lower frequency densities for DM-RS to be used at least for IAB backhaul.
Low time channel variation
Due to the absence of motion at either end of the IAB backhaul link, there is also hardly any time variation in the power of the signal at the receiver antenna. This means that the DM-RS density in the time domain can be comparatively lower than on the access link which suffers more time-varying fading. 
Proposal 3: Define lower time densities for DM-RS to be used at least for IAB backhaul.
3. Resource coordination
For the efficient and flexible operation in IAB, one important function is resource coordination both between backhaul link and access and amongst access links. Good coordination can result in the allocation of orthogonal resources (in time, frequency and space axis) for these links and so mitigate inter-link interference. However, as the topology of IAB scenario is more complex compared to general cellular link topology, it would be difficult for the resource coordination entity to fully capture all interference conditions for each link properly so orthogonality of link resources is likely to be suboptimal.  This can be mitigated by adopting a cross link interference (CLI) measurement mechanism whose result can then be used to achieve a more optimal orthogonal resources allocation for all the links. Especially for FDM operation in the access link, in-band emission (IBE) impact needs to be carefully taken into account.
Proposal 4: Study CLI measurements and reporting for NR to support IAB.

4. [bookmark: _GoBack]  Conclusion
In this contribution, we have discussed potential changes to NR that can enhance the spectral efficiency and resource co-ordination of the IAB backhaul link. We make the following observations:
Observation 1: IAB backhaul links shall essentially be fixed.
Observation 2: IAB backhaul links can ensure good propagation by use of beam forming.

Based on these observations, we make the following proposal:
Proposal 1: Enhance NR with advanced higher order QAM such as 1024-QAM and 1024-NUC to be used at least for IAB backhaul.
Proposal 2: Define lower frequency density DM-RS to be used at least for IAB backhaul.
Proposal 3: Define lower time density DM-RS to be used at least for IAB backhaul.
Proposal 4: Study CLI measurements and reporting for NR to support IAB.
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