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Introduction
In the RAN #94-e meeting, it was agreed to study the network-controlled repeaters [1]. But during the first RAN1 meeting of NCR, it was not clear that whether the NCR-MT working in a different band from that of the NCR-Fwd is within the scope. The related content from the SI objective is pasted as below. 
	[bookmark: _Hlk104330852]The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.




In this contribution, we provide our views on the working mode or the basic assumptions of NCR.
Discussion
During the RAN1#109e meeting, the model of NCR was agreed and captured in the TR 38.867, which aligns the definition of related links and function entities of the NCR to facilitate further discussions [2]. 
	
Agreement
Capture the following model of network-controlled repeater in TR 38.867.
[image: ]
· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 




It was argued that the Objective only state that the NCRs are inband RF repeaters and did not talk about the control-link. Whether the control link should use the same band of NCR-Fwd is not clearly stated. But from our understanding, both the entities of NCR-MT and NCR-Fwd belong to the same NCR. And if the NCR is an inband repeater, it means both NCR-MT and NCR-Fwd should belongs to the same frequency band. Or the NCR-MT should work in a band which is within the band of NCR-Fwd.

Observation 1:
In our view, the inband RF repeaters means that both NCR-MT and NCR-Fwd belongs to the same band. Or the band of NCR-MT should be within the band of NCR-Fwd.

Whether the NCR-MT and NCR-Fwd works in the same carrier or band is an important working assumption that it will further determines the following assumptions workable or not. 
1. Whether the C-link and BH link can share the same large-scale properties of the channel, such as Type-A and Type-D (if applicable). 
2. Whether the same TCI states could be assumed for both C-link and BH link.
3. Whether the NCR-MT and NCR-Fwd can share a same TDD configuration
4. Whether the NCR-Fwd can maintain the synchronization with the gNB through the SSBs acquired by NCR-MT

If the NCR-MT and NCR-Fwd works in the same band, the C-link and BH link could be considered sharing the same large-scale channel properties. And the same TCI states could be used for both C-link and BH-link. The NCR-MT and NCR-Fwd could have the same TDD configuration information. And the NCR-Fwd could maintain the synchronization with gNB since the NCR-MT could acquire the synchronization through the SSB and/or CSI-RSs. But if the NCR-MT and NCR-Fwd work in different carriers, the large scale channel properties and the TCI states cannot be shared between the C-link and BH link. And the TDD configuration cannot be assumed is the same between C-link and BH-link. And if the SSB or CSI-RS in the band of NCR-Fwd cannot be detected by the NCR-MT, the synchronization and timing of NCR-Fwd should depend on the reference signals of the other carrier. Once the NCR-MT works in a band that different from the NCR-Fwd, the system design of the NCR would be complicated. 

Observation 2:
Once the NCR-MT works in a band different from that of NCR-Fwd, many assumptions may not work, such as the same channel properties, shared TCI states between C-link and BH link, using the same TDD configuration, synchronization and timing alignment between NCR-Fwd and NCR-MT. It will complicate the system design of NCR.

In current TS 38.106, two types of repeaters are defined. Repeater type 1-C is operated at FR1 and Repeater type 2-O is operated at FR2. And multi-band repeater is only supported based on Repeater Type 1-C which works only in FR1. Multi-band repeaters are not supported in FR2. 

	TS38.106 Chapter 3.1 Terms

Multi-band repeater: Repeater Type 1-C whose antenna connector is associated with a transmitter and/or receiver that is characterized by the ability to process two or more passband(s) in common active RF components simultaneously, where at least one passband is configured at a different operating band than the other passband(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band 
Repeater type 1-C:	NR repeater operating at FR1 with a requirement set consisting only of conducted requirements defined at individual antenna connector.
Repeater type 2-O: NR repeater operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB



Observation 3:
Multi-band repeaters are only supported in FR1 but not supported in FR2 in Rel-17. 

Considering current repeaters deployed in the field, FR1 repeaters also support multiple bands. Different TDD configurations could be used for different bands. When some of the bands are too close from each other, then same TDD configuration is used to reduce the interference between the bands. And if some bands have enough isolation in frequency domain, different TDD configurations could be used. This is exactly the same schemes for gNB’s configuration. And the repeaters will follow the same gNB’s TDD configuration in the specific bands. 
Once the NCR-MT and NCR-Fwd works in the FR2, since only one carrier or passband is supported based on Rel-17 conclusion, the NCR-MT and NCR-Fwd should work in the same carrier/band. The same synchronization, timing, and TDD configuration could be assumed for NCR-MT and NCR-Fwd. And the channel properties for the BH link and C-link can also be shared. 
If the NCR-MT and NCR-Fwd works in the FR1 and multiple bands are supported, for example, both Band A and Band B are supported for NCR. For each band, one MT unit is needed to acquire the synchronization, TDD configuration, and other necessary information of this band. If the Band A and B are close enough, due to the interference issue, Band A and B will share a same TDD configuration and even the two carriers are synchronized, then single MT is enough to support the forwarding of two bands in the NCR. But if the two bands are far from each other, two different TDD configurations could be used without any interference issue. Two MTs are needed to acquire the SSBs to maintain the synchronization with their gNBs respectively. Or the NCR-MT could support to listening to SSBs in the two bands and provide the synchronization to the NCR-Fwd to working properly in each band. 

Observation 4:
· For FR2, both NCR-MT and NCR-Fwd should support the same carrier or band, based on the definition of Rel-17 repeater.
· For FR1, it is the most straightforward scheme that both NCR-MT and NCR-Fwd support the same frequency bands. 

If we go further beyond the assumptions of Rel-17 repeaters, the case is that NCR-MT works on one carrier in FR1 and the NCR-Fwd works in one carrier in FR2. For the NCR-Fwd, it has to acquire the SSB in FR2 to maintain synchronization. And also the TDD configuration in that band is needed for NCR-Fwd to switch uplink and downlink in a proper time. And if the beam management is required for backhaul link and access link, the beam quality information such as RSRP or SINR should be known by the NCR-MT. Since the NCR-Fwd only amplify and forward the RF signals and cannot decode them. The process of SSBs maintaining synchronization, acquiring TDD configuration and beam quality information only occurs in NCR-MT. But if the NCR-MT can process the information above, in our view, it means that the NCR-MT can also support the FR2 band in which the NCR-Fwd works. 

On the other hand, if the NCR-MT cannot acquire any information from NCR-Fwd in FR2, it would be complicated to maintain the synchronization, timing and other work of NCR-Fwd. And additional assumptions should be made to let the NCR work properly while the NCR-MT works in FR1 and NCR-Fwd works in FR2. 

Observation 5:
If the NCR-Fwd works one band, e.g. in FR2, the NCR-MT should at least acquire the SSBs in that band for synchronization, TDD configuration to switch between uplink and downlink, beam quality information to maintain the BH link. This means that the NCR-MT should also support to work in this band.

Other control information which are not strongly related to the frequency band could be delivered to NCR-MT in other frequency band than that of NCR-Fwd, e.g. FR1 bands. But there would be other issues. Such as, due to the slot lengths would be different between FR1 and FR2, the time alignment is needed between NCR-MT (in FR1) and NCR-Fwd (in FR2). And the beam information cannot be shared between FR1 and FR2, the beam management seems not applicable. It will need more time to study the case that NCR-MT and NCR-Fwd work in different Frequency range and with different numerologies. Considering the limited TU, the NCR-MT and NCR-Fwd operating in the same carrier should be prioritized. 

Proposal 1:
Considering the limited TU, the NCR-MT and NCR-Fwd operating in the same carrier should be prioritized.

Conclusions
In this contribution, we provide our views on the operation mode or the basic assumptions of NCR.
The observations and the proposal are as below.

Observation 1:
In our view, the inband RF repeaters means that both NCR-MT and NCR-Fwd belongs to the same band. Or the band of NCR-MT should within the band of NCR-Fwd.

Observation 2:
Once the NCR-MT works in a band different from that of NCR-Fwd, many assumptions may not work, such as the same channel properties, shared TCI states between C-link and BH link, using the same TDD configuration, synchronization and timing alignment between NCR-Fwd and NCR-MT. It will complicate the system design of NCR.

Observation 3:
Multi-band repeaters are only supported in FR1 but not supported in FR2 in Rel-17. 

Observation 4:
· For FR2, both NCR-MT and NCR-Fwd should support the same carrier or band, based on the definition of Rel-17 repeater.
· For FR1, it is the most straightforward scheme that both NCR-MT and NCR-Fwd support the same frequency bands. 

Observation 5:
If the NCR-Fwd works one band, e.g. in FR2, the NCR-MT should at least acquire the SSBs in that band for synchronization, TDD configuration to switch between uplink and downlink, beam quality information to maintain the BH link. This means that the NCR-MT should also support to work in this band.

Proposal 1:
Considering the limited TU, the NCR-MT and NCR-Fwd operating in the same carrier should be prioritized.

References
[1] RP-213700, New SI: Study on NR Network-controlled Repeaters, ZTE Corporation , 3GPP TSG RAN Meeting #94e, Electronic Meeting, Dec. 6 - 17, 2021
[2] Chair’s notes RAN1#109e, 3GPP TSG RAN WG1 #109-e, e-Meeting, May 9th – 20th, 2022


image1.png
Network-controlled repeater(NCR)

Control link

Backhaul link

Access link

UE




