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Introduction
Recently, smart repeaters have drawn a lot of interest from companies since smart repeaters can extend/improve cell coverage with a reasonable cost. This makes it a prospective SI in Rel-18. Since RAN#92e, the SI/WI candidates for Rel-18 have been carefully discussed in both online sessions and email discussions. Some intermediate conclusions/proposals related to smart repeaters were reached before RAN#94e. On the top of those conclusions/proposals, we share some considerations on the structure of smart repeaters in this contribution.
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According to the previous discussions, side control information was agreed as a must-have item in the scope of the potential smart repeater SI. It is well recognized that side control information (i.e. assistant information from gNB to smart repeaters) is beneficial to the performance of signal forwarding in terms of coverage, interference control, etc. Currently, several side control information candidates are on the table, such as TDD UL/DL configurations and information about beamforming, etc. These candidates are expected to be further justified in SI phase in terms of their essentiality and effectiveness.
To get smarter/obtain side control information, a repeater should have the capability to communicate with gNB. Downlink is for side control information from gNB and uplink is for HARQ feedback and measurement reports to gNB.
In the latest discussions, the communication between the gNB and smart repeaters seems natural. More specifically, it seems undoubtable that a smart repeater can send its own uplink signal to gNB and, in the meantime, forward uplink signals from UEs. However, in our view, this may not be that straight forward and is worth further studying in SI phase. The reason is explained as follows.
It is common understanding that a smart repeater can enhance signal as an RF repeater and communicate with gNB, somehow, like a UE. As an RF repeater, the smart repeater is not required to demodulate/decode any of the uplink signal from UEs. After the reception of RF signals from UE side, a direct amplification of the RF signal is expected and down-convertion of the RF signals may not be necessary. As a UE-like device/equipment, able to communicate with the gNB, the smart repeater can encode/generate its own uplink signals at baseband.
The forwarded uplink signal of the smart repeater is an RF signal, while its own uplink signal is a baseband signal. Assuming that the forwarding and the communication of the smart repeater are in the same band, a question has to be addressed here:
How does a smart repeater multiplex the RF uplink signal (to be forwarded) and its own baseband uplink signal together?
In our understanding, it is not easy to directly combine RF signal and baseband signal together. To keep the orthogonality between them two and between the combined signal and uplink signal from other UEs, high synchronization precision between the baseband signal and the RF signal must be required for the combination. This kind of combination cannot be handled by the existing technique for RF repeaters. This technique is not common even in the design of existing base stations/gNBs. Given that smart repeaters are expected to be cost-efficient, the combination of RF signal and baseband signal seems not acceptable for Rel-18 smart repeaters.
Rel-18 is the first release to study smart repeaters. It is better to examine in more detail how a smart repeater sends its own uplink signal to the gNB. This issue could be a key factor to the cost of smart repeaters. Besides, developing some common understanding on this issue can help to reach convergence in following discussions about other details of smart repeaters.
Proposal: The structure of smart repeaters should be captured in the SID as a scope.
· How a smart repeater multiplexes its forwarded uplink signal and its own uplink signal should be studied.
If the requirement to combine a baseband uplink signal and an RF uplink signal is not feasible/acceptable for Rel-18 smart repeaters, two other schemes could be considered.
1. FDM: a smart repeater sends its own uplink signal to the gNB in a frequency band which is out of the frequency band where the UE signal is forwarded.
· Advantages:
· The required STD effort is limited.
· The forward behaviour is as same as that of RF repeaters.
· The signal forwarding is not interrupted by the communication between the smart repeater and the gNB.
· Drawbacks:
· Additional frequency resource is necessary for the transmission of the uplink signal of the smart repeater’s own. The additional frequency resource must be far enough from the forwarding frequency band.
· Additional transmitter for the uplink signal of the smart repeater’s own is required.
2. TDM: a smart repeater sends its own uplink signal to the gNB and forwards the uplink signal from UEs to the gNB in different time units.
· Advantages:
· The scheme could be widely applied. (No additional frequency resource is required)
· The cost of smart repeater is lower. (No additional transmitter is required)
· Probably, this is the scheme which is the friendliest to the cost.
· Drawbacks:
· Probably, more STD efforts are needed (for discussing details of TDM).
· The gNB needs to suspend the signal forwarding to let the smart repeater send its own uplink signal.
· The impact of the interruption to the forwarding could be limited. Given that smart repeaters have no data service, the information exchanged in between the gNB and smart repeaters must be obviously less than either a common UE or an IAB MT.

Conclusion
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Proposal: The structure of smart repeaters should be captured in the SID as a scope.
· How a smart repeater multiplexes its forwarded uplink signal and its own uplink signal should be studied.
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