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1 Introduction

A new study item on “Integrated Access and Backhaul for NR” was approved in RAN#78 [1]. As mentioned in [1][2], “a key benefit of IAB is enabling flexible and very dense deployment of NR cells without densifying the transport network proportionately”. RAN2 and RAN3 has already begun the work on IAB and has achieved good progress on the requirements/focus on the use cases, scenarios and architecture options. Details of the agreements so far can be found in [2].
The purpose of IAB evaluation in RAN1 is to provide quantitative analyses and conclusions based on system level simulations, on the feasibility and the potential benefits of IAB. In this contribution, we review the agreed requirements by RAN2 and present our views on the IAB evaluation methodology and some of the open issues RAN1 needs to address.
2 Requirements on use cases and scenarios

In this section, we review the requirements as agreed in RAN2. The list as extracted from [2] is as follows.
Requirement: The Rel. 15 study item shall focus on IAB with physically fixed relays. This requirement does not preclude optimization for mobile relays in future releases.

Requirement: The architectures considered in the study should support in-band and out-of-band scenarios.

-
In-band IAB scenarios including (TDM/FDM/SDM) of access- and backhaul links subject to half-duplex constraint at the IAB node should be supported (this requirement does not exclude full duplex solutions to be studied).

-
Out-of-band IAB scenarios should also be supported using the same set of RAN features designed for in-band scenarios. The study should identify if additional RAN features are needed for out-of-band scenarios

Requirement: NR access over NR backhaul should be studied with highest priority 

-
Additional architecture solutions required for LTE-access over NR-backhaul should be explored.

-
The IAB design shall at least support the following UEs to connect to an IAB-node:

-
Rel. 15 NR UE

-
Legacy LTE UE if IAB supports backhauling of LTE access

Requirements:

1:
SA and NSA shall be supported for the access link. For an NSA access link, relaying is applied to the NR path. Relaying of the LTE path is contingent on the support of backhauling of LTE traffic (see 5.1.3 of [2]).

2:
Both NSA and SA shall be studied for the backhaul link. Backhaul traffic over the LTE radio interface is excluded from the study.

3:
For NSA access- and backhaul links, the study shall consider EN-DC with priority. However, other NSA options shall not be precluded from the study.
Requirements: 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 should be considered a special case of multiple backhaul hops.
Requirement: Topology adaptation for physically fixed relays shall be supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
Requirements:

1:
The IAB design shall strive to minimize the impact to core network specifications.

2:
The study should consider the impact to the core network signalling load as an important KPI.

Requirement: The study should strive to maximize the reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.
The evaluation of IAB in RAN1 should address the focus or priorities in accordance with the above requirements. Therefore, we think the following high level assumptions should be adopted for IAB evaluation:
a. Physically fixed relays (imply that the benefit of planning should be captured in modelling)
b. In-band and out-of-band scenarios
c. NR access over NR backhaul

d. Support of multiple backhaul hops
e. Topology adaptation to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
f. Maximize the reuse of Rel-15 NR specifications
Moreover, further prioritizations can be done on the evaluation assumptions considering the limited time allocation in RAN1 for this study item. An evaluation prioritization that should be considered is the frequency band for the backhaul link. In our view, mmWave frequency for backhaul represents the most beneficial setup for IAB due to the large bandwidth availability and the transmission/reception spatial selectivity, which plays a critical role in inter-link interference avoidance/mitigation and maximize resource reuse potentials with the other backhaul links as well as the access links. Therefore, it is our view that the evaluation effort should assume mmWave frequency for the backhaul links. However, the specification should not preclude the use of sub-6GHz for backhaul links. 

Proposal 1: IAB should be evaluated with the following assumptions.
a. Physically fixed relays (imply that the benefit of planning should be captured in modelling)
b. In-band and out-of-band scenarios

c. NR access over NR backhaul

d. 30GHz for NR backhaul

e. Support of multiple backhaul hops

f. Topology adaptation to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

g. Maximize the reuse of Rel-15 NR specifications

3 Evaluation methodology
In this section, we discuss two aspects that require further discussion before discussing the detailed simulation assumptions, namely the evaluation scenarios and the channel model for backhaul links.
3.1 Evaluation scenarios

The first issue of evaluation methodology that needs to be discussed is the evaluation scenarios, and this requires considerations on the practical deployment scenarios for the technology, as well as the system level simulation complexity. In our view, IAB should be evaluated for its capability to serve as:
a) Backhaul for coverage extension solution
· Key scenario: mmWave access is deployed with existing network infrastructure (e.g. for LTE). Due to the relatively limited mmWave coverage, IAB-capable base stations (relay) can be deployed to extend coverage in a fast and economical manner, without (or minimizing) the need for new fiber backhaul rollout.
b) Backhaul for area traffic capacity solution
· Key scenario: NR access network (sub-6GHz or above-6GHz frequency) is deployed to serve an area with new/high traffic demand. IAB-capable base stations can be deployed to provide the required service in a fast and economical manner, without (or minimizing) the need for new fiber backhaul rollout.  
· A key characteristic (which may not be necessary for the coverage extension solution) is that the density of access nodes is typically high and the aggregated traffic demand for each access node can also be high. As a result, the resource reuse or multiplexing capability of the backhaul links is very important. 
A certain deployment scenario may put more emphasis on the IAB capability as one or both solutions above. Next, we present our views on the evaluation scenarios to study IAB for each solution.
Evaluation scenario on backhaul for coverage extension solution
In our view, a potential candidate scenario is the “dense urban” scenario with two layers as described in the TR 38.802 [3] and illustrated in Figure 1. Based on the scenario as described before for this solution, the macro TRP represents the existing base stations with fiber backhaul, and the micro TRP represents the IAB capable TRP (rTRP) or a mixed of fiber backhaul and IAB capable TRPs. ISD of 200m is assumed in the TR, however other ISD values (such as 400m, 800, etc) can be explored to effectively model scenarios requiring coverage extension. Multi-hop network can be created for the multiple IAB-capable micro TRPs dropped in the same macro sector. The choice of ISD should also allow creation of useful multi-hop topologies for study.
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Figure 1: Dense urban scenario from [3] 
However, apart from the macro layer ISD, further discussions or modifications to the simulation assumptions as stated in [3] would be needed for IAB evaluation purpose. A first issue is the number of sectors to be assumed for the micro TRP. The TR assumes only 1 sector per micro TRP, but for IAB-capable micro TRP, 3 sectors per TRP would be more appropriate to provide coverage including for potential backhaul links in all directions. A second issue is the sector orientation determination of the IAB-capable micro TRPs. Since physically fixed relay should be assumed, implying that the benefit of planning should be exploited, random orientation would result in a more pessimistic evaluation outcome because misalignment of the panels between adjacent TRPs could severely penalize the backhaul link quality. How to determine the sector orientation to capture the benefit of planning requires further study. 
For this scenario, the following simulation cases can be studied. Case-1 and Case-3 serve as the two extreme references for comparing with IAB. 

Case-1: Only Macro layer

Case-2: Macro layer + Micro layer (using IAB for backhaul)
Case-3 (can be optional): Macro layer + Micro layer (using fiber for backhaul)

Observation 1: A potential candidate scenario to evaluate IAB as backhaul for coverage extension solution is the “dense urban” scenario with two layers and 3-sector micro TRPs. Some of the important issues to be further studied are: 
· Additonal ISDs of the macro layer (e.g. 200m (dense urban), 500m (urban), 1732m (suburban))
· Sector orientation of the IAB-capable micro TRPs
One possible solution to address the sector orientation issues is to perform the following when dropping micro TRPs and determining the node association:

Step 1: Randomly drop all micro TRPs in the network (according to TR), without determining panel orientation
Step 2: Determine large-scale path losses 
Step 3: Determine the strongest micro TRP to the macro TRP based on omni-directional Rx antenna, set panel orientation of this first micro TRP to be facing the macro TRP 
Step 4: Determine the second strongest micro TRP based on omni-directional Rx antenna. Compare the pathlosses of the second micro TRP to the macro TRP and to the first micro TRP. Associate the second micro TRP with the node with lowest pathloss (or lowest sum of pathlosses for multi-hop) and set the panel orientation of the second micro TRP to be facing the resulting parent node
Step 5: Repeat the above for the next strongest micro TRP based on omni-direction Rx antenna until all micro TRPs have been completed.
For example, referring to Figure 2, suppose node B, C, D are nodes with decreasing RSRP assuming omni-directional Rx antenna. Based on the aforementioned procedure, one of node B’s sector would be facing the macro TRP. If node C selects macro TRP over node B as its parent node, node C’s panel would also be facing the macro TRP. If node D selects node B over the macro TRP and node C as parent node, node D’s panel would be facing node B.
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Figure 2: Sector orientation for micro TRPs 
Evaluation scenario on backhaul for area traffic capacity solution
A good candidate scenario for this case is the urban grid model, representative of a scenario requiring high density of base stations with high traffic demand. It is also a realistic deployment scenario. The urban grid model is not new and has been used e.g. for V2X study [5][6].  REF _Ref510697424 \h 
 illustrates the scenario model. The building block size of 250m x 433m can be reused. TRPs of 10m height, each with 4 panels or sectors can be dropped at the intersection of the streets. A subset of the TRPs is assumed to have existing fiber connection, while the rest are IAB-capable TRP or rTRP. The ratio of TRP over rTRP can be varied to study the performance-cost tradeoff of the IAB technology. The scenario supports multi-hop topologies and the number of buildings in the x-axis and y-axis can be varied to control the desired range of the number of hops to be simulated easily. The panels of adjacent TRPs are naturally aligned, hence the issue of sector/panel orientation is avoided. 
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Figure 3: Urban grid model
One open issue for this model is the TRP-rTRP or rTRP-rTRP channel model for the >6GHz frequency, which is not available in TR38.901 [7]. The UMi-street canyon model as described in [7] can be used as the baseline. However, further consideration is needed for the link between nodes not dropped on the same street and can be blocked by a building to a varying degree. One possible solution is the following: if the path between a Tx and a Rx is not obstructed by building (e.g. on the same street), the LOS probability is calculated according to the UMi-street canyon model (with planning boost, see next section), otherwise NLOS link is assumed. The pathloss between BSs calculated according to the propagation along the streets; e.g. see Figure 4, where the pathloss between BS A and BS B or C is calculated assuming the  distance of d1 + d2. Further issues about the channel model applicable to all evaluation scenarios are further discussed in the next section.
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Figure 4: d1+d2 pathloss
Similar to the first scenario, the following simulation cases can be studied. 
Case-1: Only the fiber connected TRP

Case-2: Fiber connected TRP and rTRP node (using IAB for backhaul)

Case-3: Fiber connected TRP and rTRP node (assume new rollout of fiber for backhaul to all rTRPs)

Observation 2: A potential candidate scenario to evaluate IAB as backhaul for area traffic capacity solution is the urban grid model with 4-sector micro TRPs. The channel model at >6GHz for UMi street canyon particularly for links between nodes not dropped on the same street should be further studied.
3.2 Channel model for backhaul links

In this section, we discuss channel model issues applicable to all evaluation scenarios for IAB.

Three extra links in the IAB network, which are TRP-rTRP, rTRP-rTRP and rTRP-UE, have to be modelled to provide meaningful results for this study item. The pathloss models of TRP-rTRP and rTRP-UE channels specified in LTE-A relaying operation [4] cannot be reused for IAB for the following reasons. First, those models are for the scenarios with carrier frequency 2 GHz while IAB should also include in the above 6 GHz band. Second, the rTRP-rTRP channel is not specified in [4] since it only considers single-hop relaying. The rTRP-rTRP channel model is important for IAB performance evaluation. For example, if the rTRP-rTRP channel is poor and becomes the bottleneck of the overall system, the number of maximum hops would be limited to a small number. 

Another good reference on the channel model is [7], which provides the channel models for frequency spectrum above 6 GHz. One possible way of reusing the channel models to generating the rTRP related channel is to treat the rTRP as a micro-cell gNB when it is transmitting and as a UE when it is receiving. This method works well for the rTRP-UE link, but does not work for the TRP-rTRP and rTRP-UE channels. For example, the LOS probability of the TRP-rTRP and rTRP-rTRP channels should be larger than the ordinary TRP-UE channel since the relay is inclined to be positioned in a place where there is a LOS with TRP, nearby rTRPs and potential served UEs. In addition, the small scale fading parameters such as the backhaul link AoD/AoA statistics may also need to be revisited. 

Observation 3: For the backhaul links, the LOS probability determination for the large-scale channel model and AoD/AoA modelling for the small-scale channel model need further study. 
The relay site planning has the effect of increasing the long-term backhaul SINR (geometry). Alternatives of modelling this benefit are available in [4], and can be considered for IAB evaluation. A potential candidate solution is to consider “bonus” to path loss formula to capture the benefit of planned deployment for rTRP, in particular: 
Pathloss: PL=PLLOS(R), if LOS; PLNLOS(R) - B, if NLOS; where R is the 3-D distance, FFS value for B, the “bonus”.
LOS probability: Prob(R)’ = 1-(1- Prob(R))N, FFS value for N, the parameter that increases LOS probability
The values for B and N require careful consideration such that the LOS probability can accurately capture the benefit of planning. A simpler approach can be to simply set the LOS probability between associated (r)TRP and rTRPs to be a constant which represents the target LOS probability via planning.
Proposal 2: For the backhaul channel model, consider “bonus” to path loss formula to capture the benefit of planned deployment for rTRP, the following alternatives are to be studied: 

Alt 1:  Pathloss: PL=PLLOS(R), if LOS; PLNLOS(R) - B, if NLOS; where R is the 3-D distance, FFS value for B 

LOS probability: Prob(R)’ = 1-(1- Prob(R))N, FFS value for N 
Alt 2: LOS probability is set to a constant (representing the target LOS probability via planning)
4 Conclusions 

In this contribution, we reviewed the agreed requirements by RAN2 and presented our views on the IAB evaluation methodology and some of the open issues RAN1 needs to address. Our observations and proposals are summarized below.

Proposal 1: IAB should be evaluated with the following assumptions.

a. Physically fixed relays (imply that the benefit of planning should be captured in modelling)
b. In-band and out-of-band scenarios

c. NR access over NR backhaul

d. 30GHz for NR backhaul

e. Support of multiple backhaul hops

f. Topology adaptation to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

g. Maximize the reuse of Rel-15 NR specifications

Observation 1: A potential candidate scenario to evaluate IAB as backhaul for coverage extension solution is the “dense urban” scenario with two layers and 3-sector micro TRPs. Some of the important issues to be further studied are: 

· Additonal ISDs of the macro layer (e.g. 200m (dense urban), 500m (urban), 1732m (suburban))
· Sector orientation of the IAB-capable micro TRPs
Observation 2: A potential candidate scenario to evaluate IAB as backhaul for area traffic capacity solution is the urban grid model with 4-sector micro TRPs. The channel model at >6GHz for UMi street canyon particularly for links between nodes not dropped on the same street should be further studied.
Observation 3: For the backhaul links, the LOS probability determination for the large-scale channel model and AoD/AoA modelling for the small-scale channel model need further study.
Proposal 2: For the backhaul channel model, consider “bonus” to path loss formula to capture the benefit of planned deployment for rTRP, the following alternatives are to be studied: 

Alt 1:  Pathloss: PL=PLLOS(R), if LOS; PLNLOS(R) - B, if NLOS; where R is the 3-D distance, FFS value for B 

LOS probability: Prob(R)’ = 1-(1- Prob(R))N, FFS value for N 
Alt 2: LOS probability is set to a constant (representing the target LOS probability via planning)
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