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Introduction
Rel-18 workshop [1] identified additional topological improvements as a candidate topic for release 18, and smart repeaters is one of the example areas. Based on the email discussion [2], the mModerator gave the following conclusion about smart repeaters.
	Moderator’s recommendations on Smart Repeater are listed as below:
The investigation on smart repeater is considered with following assumptions:
· Smart repeater should be transparent to UE
· FR2 with TDD and both outdoor and O2I scenarios are prioritized, other scenarios can be investigated but optimizations for these scenarios may not be considered
· Only single hop stationary repeater is considered
With following guidance on the technical related aspect:
· The side control information design including beamforming information configuration, timing and TDD configuration is the starting point
· More discussion is needed on others, e.g., on-off, Bandwidth information, Power control, Co-channel related issues/RF requirement, and the need of joint study on side control information for both smart repeater and RIS.
· In addition to the side control information, the need of standardization on management of smart repeater (e.g. including authentication/authorization and interference management) can also be investigated.


In this contribution, we analyse the advantages and disadvantages of smart repeaters.
Discussion
It should be noted, according to the email discussion [2], some companies still have concerns on the motivation of introducing smart repeater in Rel-18, and moderator also stated that whether this R18 item will be supported or not - along with the decision on SI/WI - will be concluded in a later stage.
Generally, a smart repeater is a relay node used to extend the coverage. Considering that IAB has been specified in NR, it is important to carefully compare the two nodes and justify the motivation to do the overlapped work in 3GPP carefully. In this paper, we will compare IAB node and smart repeater in terms of performance and cost.
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Figure 1. Smart repeater (upper) and IAB node (lower)
Firstly, the following aspects with respects to performance are considered: 
Output power:
The output power of smart repeaters is determined by the received power and gain. Notably, smart repeaters are supposed to be operated in full duplexing modes, and therefore the gain cannot be too large, which restricts the maximum output power of smart repeater.
Basically, IAB node can be regarded as an ordinary base station excepting that in-band backhaul link is adopted. Therefore, there is no fundamental limitation for IAB node to adopt large power.
Beamforming gain:
Both the IAB node and smart repeater can perform beamforming. However, the beam sweeping of smart repeater should be driven by base station. Specifically, as is shown in Figure 2, a smart repeater can forward the reference signals using different beams only if the base station transmits the reference signals toward it repeatedly. Consequently, the beam sweeping of smart repeaters will occupy the time domain resources of base station; therefore, the number of beams of a smart repeater cannot be too large by considering the overhead issue of the base station.
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Figure 2: Beam sweeping of a smart repeater
On the other hand, an IAB node can perform beam sweeping by itself, and therefore it can use more beams because it doesn’t increase the overhead of the donor.
Signal quality:
A smart repeater will amplify both the desired signals, interferences, and noise; therefore, the quality of the output signal of smart repeater is not as good as that of IAB node or base station.
Coverage area:
As aforementioned, smart repeater should be operated in full duplexing mode, which also can restrict the coverage area of the node. For example, the orientations of BH array and AC array should be opposite, or the isolation cannot be large enough for effective signal amplifying. On the other hand, considering TDM and SDM can be used by an IAB node, it can achieve 360 degrees coverage easily.
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Figure 3: Coverage areas of smart repeater and IAB node
In summary, we have the following observation:
Observation 1: Compared to an IAB node, a smart repeater may is expected to have worse performance in terms of output power, beamforming gain, signal quality, and coverage area.
Based on the above analysis, we evaluate the performance of smart repeater and IAB node, which is displayed in Figure 4. From the figure we can concluded that the IAB nodes can bring larger SINR improvement than smart repeaters.
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 Figure 4: DL SINR distribution for indirect UEs
The proponents of smart repeaters claim that the cost of smart repeater is lower than that of IAB node. To our understanding, a smart repeater needs to receive control information and perform dynamic switching, and thus it will have baseband module and active antenna arrays. The most important difference between IAB node and smart repeater is that a smart repeater doesn’t need a baseband module for DU. Therefore, the cost advantage of smart repeater is questionable.
As aforementioned, the performance of smart repeater is worse than that of IAB node; therefore, to achieve similar coverage in networks, more smart repeaters are needed than IAB nodes. Therefore, we have the following observation:
Observation 2: Although the cost of a smart Repeater is expected to be lower than that of an IAB node, the overall cost of smart repeaters in the network is not expected to may not be lower than that of IAB nodes, because less IAB nodes are needed to reach similar performance.
Based on the above discussion, we have the following proposal for smart repeater:
Proposal: RAN should further discuss the motivation and necessity to introduce smart repeaters in Rel-18.
Conclusions
In this contribution, we discuss smart repeaters, and have the following observations and proposal:
Observation 1: Compared to an IAB node, a smart repeater is expected tomay have worse performance in terms of output power, beamforming gain, signal quality, and coverage area.
[bookmark: _GoBack]Observation 2: Although the cost of a smart Repeater is expected to be lower than that of an IAB node, the overall cost of smart repeaters in the network is not expected to may not be lower than that of IAB nodes because less IAB nodes are needed to reach similar performance.
Proposal: RAN should further discuss the motivation and necessity to introduce smart repeaters in Rel-18.
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