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1. Introduction
In RAN#94e, the study item on NR network-controlled (NC) repeaters was approved [1]. The study focuses on the following scenarios and assumptions.
	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.



To enable the network-controlled functionality of repeaters, the following objectives for study were suggested in the SID.
	Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]
Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.
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	(A) An NC repeater amplifies and forwards signal between a gNB and a UE. The beams of the NC repeater are adjustable and controlled by the gNB.
	(B) NC repeaters are transparent to UEs. NC repeaters can communicate with the gNB to obtain side control information, such as beamforming information.
（‘F link’ stands for forwarding link between the gNB and UEs. ‘C link’ stands for communication link between the gNB and NC repeaters.）


[bookmark: _Ref100246118]Figure 1 NR network-controlled (NC) repeaters
Figure 1 shows NC repeaters with forwarding link and communication link. More details can be found in our accompanied contribution [2]. In [2], we carefully analysed the essential difference between RF repeaters and NR network-controlled repeaters and derived a conclusion as following:
Two standardization aspects should be considered and concluded in the study item of network-controlled repeaters:
· How an NC repeater communicates with the gNB (C-link in Figure 1)? What kinds of signaling the network-controlled repeater can receive from the gNB?
· What kinds of side control information are required for an NC repeater to support signal forwarding (F-link in Figure 1) via adjustable/controllable beams?
The above standardization aspects are dependent. “What kinds of side control information can be supported for an NC repeater” highly depends on “How the NC repeater communicates with the gNB”, and vice versa.
Our accompanied contribution [2] focuses on the discussion on side control information, i.e., the second aspect given in above. In this contribution, we consider the first aspect, “How an NC repeater communicates with the gNB? What kinds of signaling the network-controlled repeater can receive from the gNB?”.
2. [bookmark: _Ref101081177]Repeater-specific side control information is necessary
[image: ]
[bookmark: _Ref100781367]Figure 2 Repeater-specific side control information is necessary, such as beamforming information, to fit the realistic application situation of network-controlled repeaters.
(For example, the beamforming information for repeater #1 and repeater #2 should be different. They are in different positions and assist different UEs.)
As described in the SID [1], NC repeaters are expected to be deployed in outdoor and outdoor-to-indoor scenarios for the extension of the coverage of the gNB. Figure 2 shows an example of NC repeater deployment, e.g., in FR2 bands. Repeater#1 is used to assist blue UEs. The blue UEs are outdoor UEs which may hardly receive the signal from the gNB. They are in the shadow area of building #2 and have no available LoS. Repeater#1 forwards signal from the gNB to the blue UEs. Repeater #2 is used to assist green UEs. The green UEs are indoor UEs. They may have a problem with the signal quality due to penetration loss. Repeater#2 can amplify the signal and forward it to the green UEs.
Repeater #1 and repeater #2 need specific side control information. They are in different locations, have different distances to the gNB, and serve different UEs. Hence, their side control information should be different correspondingly, such as the information of beamforming, power control and, perhaps, ON/OFF.
An identification, or an equivalence, of NC repeaters must be necessary to differentiate the specific side control information for the NC repeaters. By using the identification, the gNB can identify NC repeaters and then, produce specific side control information for the NC repeaters.
[bookmark: _Ref100783494]Observation 1: 
· One gNB can control more than one network-controlled repeater.
· When a gNB controls network-controlled repeaters deployed in different places for different UEs, the network-controlled repeaters may require different side control information, e.g., beamforming information, ON-OFF information, and power control information.

[bookmark: _Ref100824932][bookmark: _Ref101896700]Proposal 1:
· The repeater-specific side control information is necessary for the purpose to manage beamforming, power control and ON/OFF of the network-controlled repeaters.
· The gNB needs to identify network-controlled repeaters and indicate the specific side control information to them. An identification, or an equivalence, of the network-controlled repeaters should be supported.
3. Network-controlled repeaters receive signaling of side control information
3.1. Frequency resource for receiving signaling of side control information
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	(A)For NC repeaters, the resource for getting side control information is inside the resource for forwarding.
	(B) NC repeaters may not require more than one carrier to communicate with the gNB, but it may need to forward several CCs.


[bookmark: _Ref99821869]Figure 3 In-band network-controlled repeaters. 
（The bandwidth of forwarded signal can be obviously wider than the bandwidth for getting side control information.）

According to the SID [1], NC repeaters are in-band RF repeaters used for extension of network coverage. In our understanding, ‘in-band’ means the frequency resource for receiving side control information is within the bandwidth for forwarding. To further clarify more details of the frequency recourse of NC repeaters, two examples are given in Figure 3. 
Based on Figure 3, we have following observation:
[bookmark: _Ref101896793]Observation 2: For network-controlled repeaters, a carrier/ cell/ BWP is necessary to communicate with the gNB, i.e., to receive side control information; and a frequency band with a certain bandwidth and a certain central frequency is enough to forward signal.
· The central frequency and the bandwidth of the frequency band for forwarding can be configured by OAM or stored in the repeater before leaving factory.
· The carrier/ cell/ BWP for communication is inside the frequency band for forwarding.
· The carrier/ cell/ BWP for communication is configured by the gNB.
· The bandwidth of the frequency resource for forwarding can be obviously wider than the bandwidth of the carrier/cell/BWP for communication.

3.2. Uplink is necessary for receiving repeater-specific side control information
As we proposed in Proposal 1, the gNB needs to identify NC repeaters and indicate specific side control information to them. An identification, or an equivalence, of NC repeaters should be supported. 
To support an identification of NC repeaters, an NC repeater should have an uplink. If an NC repeater is not capable of sending uplink signal to the gNB, the gNB cannot discover the NC repeater by itself, no mention identifying the repeaters and providing specific side control information to them.
[bookmark: _Ref101896811]Proposal 2: Network-controlled repeaters should have an uplink for communication with the gNB, so that the gNB can identify the network-controlled repeaters and provide specific side control information to them.
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(A) communication uplink and forwarded uplink are combined

	[image: ]
(B) communication uplink and forwarded uplink are TDM


[bookmark: _Ref101343701]Figure 4 Potential structures of TDD network-controlled repeaters
How to support the communication uplink of NC repeaters may be a question which needs further consideration and discussion. The forwarded uplink is produced by UEs and amplified by the repeater. The communication uplink is produced by the repeater. They are from different devices with different timing. Furthermore, for the repeater, the forwarded uplink signal is IF or RF signal. Combining two uplink signals in IF or RF as shown in Figure 4 (A) is feasible in theory. But some additional efforts may be inevitable, such as the implementation effort for new feature, the standardization effort for RAN4 requirement and some potential effort for test.
In comparison, we prefer the structure of NC repeaters shown in Figure 4 (B). The communication uplink and forwarded uplink can be TDM. The TDM scheme can save the variable efforts require by the combination scheme in Figure 4 (A). The TDM scheme can be realized by the implementation of the gNB. When the gNB schedules the uplink transmission of the NC repeater, the forwarding time slots can be avoided. Regarding to the standardization impact, probably one sentence in spec is enough, e.g., NC repeaters do not expect that its uplink is scheduled by the gNB in the slots indicated to forward. Moreover, if the communication uplink and the forwarded uplink are TDM, the standardization effort required by the discussion on power control may be limited as well.
[bookmark: _Ref101896827]Proposal 3: To reduce the implementation complexity of network-controlled repeaters, their communication uplink and the forwarded uplink are TDM, which can be realized by the gNB implementation.
3.3. Protocol stacks for receiving signaling of side control information
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(A) PHY
（NC repeaters only have physical layer to receive signaling of side control information）
	[image: ]
(B) PHY + MAC
（NC repeaters have physical layer and MAC layer to receive signaling of side control information）
	[image: ]
(C) PHY + L2/L3
（NC repeaters have physical layer and MAC layer to receive signaling of side control information and RRC layer to receive the potential configuration of the signaling）


[bookmark: _Ref99381685]
[bookmark: _Ref101552652]Figure 5 Possible protocol stacks of network-controlled repeaters for receiving signaling of side control information

3.3.1. Comparison from the perspective of cost and performance of NC repeaters

[bookmark: _Ref101085602]Table 1 Cost and performance of NC repeaters with protocol stacks in Figure 5
	
	Cost
	Performance

	
	
	Reliability/efficiency of side control information
	Flexibility for the control by network

	(A) PHY
	· HW cost is lower than UEs.
· Implementation cost is higher than (C) due to more STD impacts (see the conclusion in Table 2).
	· HARQ A/N feedback is available for the reliability.
· No HARQ-based retransmission procedure to improve the efficiency.
	· Limited.
(The configuration of L1/L2 signaling for side control information is almost fixed.)

	(B) PHY+MAC
	
	· HARQ A/N feedback is available for the reliability.
· HARQ-based retransmission procedure is available for the efficiency.
	

	(C) PHY/L2/L3
	· HW cost is same as or lower than UEs, which depends on what kinds of higher layer features NC repeaters support.
· Implementation cost is lower than (A) and (B).
	
	· Same as normal UEs.



3.3.1.1. Cost
In general, the cost relates to ① the complex of hardware including software algorithms; and ② the implementation effort, e.g., how many existing designs can be reused/referred and how many new features are needed.
Hardware complexity
The complexity of the NC repeaters with protocol stack B is slightly higher than that of the NC repeaters with protocol stack A because of the existence of MAC layer. The complexity of the NC repeaters with protocol stack C is the highest, which is same as or lower than the complexity of UEs. The complexity depends on which higher layer features are supported for NC repeaters.
Effort required for implementation
The implementation effort required by NC repeaters with protocol stack C is the least, because the existing design for UEs can be reused as much as possible. What required by NC repeaters with protocol stack C is simply a few signaling for carrying side control information and the configuration of side control information.
The implementation effort required by NC repeaters with protocol stack A and B is less than C, due that some new STD features are required if stack A or stack B is adopted. More details of the impact of the new features can be found in Table 2.
3.3.1.2. Performance
Reliability
Side control information is used to configure the forwarding behavior of NC repeaters. If NC repeaters miss or misunderstand the side control information, the signal between the gNB and UEs can be forwarded in an incorrect way. If this is the case, the connection between the gNB and UEs may fails. The more advanced service the UEs require, the more sensitive to the reliability of side control information the QoS of the UEs is, such as URLLC or XR service.
Hence, the reliability of side control information should be considered when we discuss which signaling is used to carry the side control information. The side control information should be reliable as same type control information for UEs.
In the following comparison, beamforming information will be considered as an example. It will be checked: ① whether the reliability of beamforming information for NC repeaters are same as the reliability of beam information for common UEs; ② whether the accuracy of the application timing of beamforming information can be as same as that for beam information for common UEs.
· Protocol stack (A): PHY
Without an MAC layer, L1 signaling is the only way to carry side control information, i.e., DCI. PDCCH can have a HARQ A/N. But without a HARQ retransmission procedure, the transmission efficiency is low.
The application timing of beamforming information carried by PDCCH can refer the corresponding A/N.
· Protocol stack (B): PHY+MAC
L2 signaling is feasible for the side control information. PDSCH can be used to deliver the L2 signaling. HARQ-based retransmission is available.
The application timing of beamforming information carried by PDSCH can reuse the current mechanism of beam indication for UEs.
· Protocol stack (C): PHY+L2+L3
L2 signaling to carry side control information is feasible. Besides, if any configuration for the signaling of the side control information is needed, the reliability of the configuration can be further guaranteed by RLC layer.
Flexibility
The more flexibility, the better efficiency. Therefore, we think the flexibility for the control by network can be considered as well.
· Protocol stack (A): PHY, Protocol stack (B): PHY+MAC
An NC repeater with protocol stack A or protocol stack B has no RRC layer. This means the configuration of L1/L2 signaling for side control information is almost fixed. The flexibility is very limited.
· Protocol stack (C): PHY+L2+L3
The flexibility NC repeaters with protocol stack C is almost same as normal UEs.
Based on Table 1 and above analyses, we have following observation:
[bookmark: _Ref101692674]Observation 3: 
· If a network-controlled repeater has got a RRC layer as shown in Figure 5 (C), the network-controlled repeater can provide more reliability and better efficiency of side control information transmission, and can also give more flexibility to the control by the gNB, compared with an NC repeaters has only got a PHY layer or a PHY layer and an MAC layer as shown in Figure 5 (A) and (B).
· A network-controlled repeater with a RRC layer as shown in Figure 5 (C) has a device cost less than or equal to the cost of UEs, but requires less implementation effort than an NC repeater without a RRC layer as shown in Figure 5 (A) and (B).
3.3.2. Comparison from the perspective of required standardization efforts for signaling design of side control information
[bookmark: _Ref100994992]Table 2 Standardization efforts required for side control information signaling design with protocol stacks in Figure 5
	
	Specific side ctrl info
	Beam
	Timing
	TDD config
	ON/OFF
	Power control

	(A) PHY
	New feature
	New feature
	New feature
	New feature
	New feature
	New feature

	(B) PHY/MAC
	New feature
	New feature
	Reuse existing signaling
	New feature
	New feature
	New feature

	(C)PHY/L2/L3
	Reuse existing mechanism
	New signaling
	Reuse existing signaling
	Reuse existing signaling
	New signaling
	New signaling



The standardization impacts of NC repeaters with protocol stacks A, B and C (as shown in Figure 5) are summarized in Table 2. Three labels in different colors are used to show different potential STD impacts or required STD efforts.
Required STD effort: New feature> New signaling> Reuse existing signaling/mechanism
· ‘New feature’ in red means a new feature is required if the protocol stack in the row is adopted and the information/feature in the column is supported. A ‘New feature’ is usually not supported in legacy NR. Hence, ‘New feature’ in Table 2 may require obvious STD effort, if supported.
· Firstly, in legacy NR, only PHY or PHY+MAC may not be enough to support an ID for NC repeaters. The support of specific side control information for NC repeaters, e.g., to let the gNB be able to identify the repeaters, may require a new feature (such as PHY/MAC ID).
· Secondly, the existing mechanism of beam management/measurement/failure recovery and the existing mechanism for TDD config indication, power control and power saving all require the RRC configuration. Without RRC layer, the existing signaling cannot directly be reused. Some modifications of the existing signaling or even some new signaling may be required.
· ‘New signaling’ in blue are shown in the last row which corresponds the protocol stack C. If NC repeaters have L1, L2 and L3, the existing framework of signaling/configuration mechanism for UEs can be reused. The side control information in the columns can be carried by a DCI or a MAC CE while the corresponding configuration can be carried by RRC signaling. The required STD efforts is mainly for the discussion on what information should be carried/indicated and the introduction of new signaling.
· ‘Reusing existing mechanism/signaling’ in green means some existing mechanism/singling can be directly reused with no obvious change. 
· For example, if the protocol stack C, i.e., NC repeaters have L1, L2 and L3, is adopted, the existing C-RNTI can directly be reused as an ID of NC repeaters to support specific side control information.
· Moreover, whenever NC repeaters have an MAC layer, the existing timing adjustment can be reused. The timing accuracy of NC repeaters can be same as UEs.
· Also, the existing UL DL TDD configuration indications, e.g., cell-specific/UE-specific RRC signaling and DCI format 2_0, are all possible to be reused for NC repeaters if needed. The achievable accuracy and granularity of TDD config indication is same as UEs.
Based on Table 2 and above analyses, we have following observation:
[bookmark: _Ref101692675]Observation 4: If a network-controlled repeater has got a RRC layer as shown in Figure 5 (C), the standardization effort required for “L1/L2 signaling (including its configuration) to carry the side control information” is obviously less than the case that a network-controlled repeater has no RRC layer as shown in Figure 5 (A) or (B).
Base on Observation 3 and Observation 4, it can be concluded that although the device cost of NC repeaters with L1/L2/L3 is higher than NC repeaters with L1 or with L1/MAC, NC repeaters with L1/L2/L3 require the less standardization and implementation effort, achieves better reliability and efficiency of side control information and provides greater flexibility for the control by gNB. In our view, given that the TUs of this item is limited, NC repeaters with L1/L2/L3 can provide the best cost efficiency.
Hence, we propose to adopt the protocol stack shown in Figure 5 (C) for NC repeaters to receive signaling of side control information.
[bookmark: _Ref101897369]Proposal 4: Given that the TUs of this SI/WI are very limited in release 18, L1/L2/L3 are supported for network-controlled repeaters to receive signaling of side control information.
· Network-controlled repeaters with L1/L2/L3 require the less effort for STD and implementation, compared with network-controlled repeaters having L1 only or L1+MAC.

3.4. Communication link functions
[image: ]






[bookmark: _Ref101711902]Figure 6 A network-controlled repeater obtains side control information from the gNB.
(‘C beam’ stands for communication beams of the NC repeater. The C beam is used to receive or transmit signal of the NC repeater’s own, e.g., the side control information.)

If NC repeaters can have L1, L2 and L3, the following functions should be supported:
· Initial access,
· To get SI, rough timing, and
· To establish RRC connection with the gNB and get C-RNTI
· Beam management, beam measurement, beam failure recovery for C beams (rather than forwarding beams) as shown in Figure 6, at least for repeaters in FR2, 
· To guarantee the reliability of communication link between the gNB and NC repeaters. 
Although both the gNB and NC repeaters are stationary, the signal propagation environment around the gNB and the NC repeater can vary, especially in FR2. The reliability/robustness of the communication beams between the gNB and NC repeaters should be same as beams of a common UE.
· Timing advance adjustment,
· To align uplink signal with other UEs served by the gNB.
· Bandwidth part operation
· To communicate with the gNB.

The following functions may be unnecessary:
· RRM measurement
· Rel-18 NC repeaters don’t need functions for handover. They are always stationary. Their gNB is almost fixed. 
· CA/DC and multiple TRP-relevant MIMO features
· Single carrier/BWP is necessary for the communication between the gNB and Rel-18 NC repeaters. Repeaters have no data service. They receive signaling of side control information and corresponding configurations from the gNB and report control information to the gNB when necessary.

[bookmark: _Ref101897427]Proposal 5: If network-controlled repeaters can have L1, L2 and L3, the following functions should be supported for network-controlled repeaters:
· Initial access to get SI, rough timing, and specific ID such as C-RNTI.
· Beam management, beam measurement, beam failure recovery for communication beams, at least for repeaters in FR2, to guarantee the reliability/robustness of the communication beams between the gNB and NC repeaters as same as beams of a common UE.
· Timing advance adjustment.
· Bandwidth part operation.
[bookmark: _Ref101897458]Proposal 6: Network-controlled repeaters don’t support the following functions:
· Measurement for RRM and handover-relevant procedure.
· CA/DC and multiple TRP-relevant MIMO features.

4. Signaling for carrying side control information of network-controlled repeaters
[image: ]
Figure 7 A network-controlled repeater amplifies and forwards signal between the gNB and the UE through F beams. 
(‘F beam’ stands for forward beams of the NC repeater including the beams at gNB side and at UE side.)

In our accompanied contribution [2], we analysed the side control information and relevant potential standardization impacts. Based on that, our preliminary consideration on signaling of side control information is in the following:
· Signaling for side control information of beamforming
· Beam indication for forwarding beams is enough
· Indication of F beams at gNB side reuse the indication of C beams, possibly L1/L2/L3 signaling.
· Indication of F beams at UE side needs further discussion. New L1/L2 signaling is required.
· Signaling for side control information of timing and TDD config
· The existing signaling for UEs is enough, possibly L3 or L1/L3 signaling.
· Signaling for side control information of ON/OFF
· Probably, no need to introduce new signaling.
5. Conclusion
In this contribution, we discussed how a network repeater receives side control information, we have some observations and proposals.
We observed that one gNB can control more than one NC repeater. Each NC repeater may require different side control information. Hence, we propose:
Proposal 1:
· The repeater-specific side control information is necessary for the purpose to manage beamforming, power control and ON/OFF of the network-controlled repeaters.
· The gNB needs to identify network-controlled repeaters and indicate the specific side control information to them. An identification, or an equivalence, of the network-controlled repeaters should be supported.

Regarding to the physical resource for receiving signaling of side control information, we have the following observations and proposals:
Observation 2: For network-controlled repeaters, a carrier/ cell/ BWP is necessary to communicate with the gNB, i.e., to receive side control information; and a frequency band with a certain bandwidth and a certain central frequency is enough to forward signal.
· The central frequency and the bandwidth of the frequency band for forwarding can be configured by OAM or stored in the repeater before leaving factory.
· The carrier/ cell/ BWP for communication is inside the frequency band for forwarding.
· The carrier/ cell/ BWP for communication is configured by the gNB.
· The bandwidth of the frequency resource for forwarding can be obviously wider than the bandwidth of the carrier/cell/BWP for communication.
Proposal 2: Network-controlled repeaters should have an uplink for communication with the gNB, so that the gNB can identify the network-controlled repeaters and provide specific side control information to them.
Proposal 3: To reduce the implementation complexity of network-controlled repeaters, their communication uplink and the forwarded uplink are TDM, which can be realized by the gNB implementation.

Regarding to the protocol stacks of network-controlled repeaters for receiving signaling of side control information, we have the following proposal:
Proposal 4: Given that the TUs of this SI/WI are very limited in release 18, L1/L2/L3 are supported for network-controlled repeaters to receive signaling of side control information.
· Network-controlled repeaters with L1/L2/L3 require the less effort for STD and implementation, compared with network-controlled repeaters having L1 only or L1+MAC.

Regarding to the functions of communication link of network-controlled repeaters, we have following proposals:
Proposal 5: If network-controlled repeaters can have L1, L2 and L3, the following functions should be supported for network-controlled repeaters:
· Initial access to get SI, rough timing, and specific ID such as C-RNTI.
· Beam management, beam measurement, beam failure recovery for communication beams, at least for repeaters in FR2, to guarantee the reliability/robustness of the communication beams between the gNB and NC repeaters at least as same as beams of a common UE.
· Timing advance adjustment.
· Bandwidth part operation.
Proposal 6: Network-controlled repeaters don’t support the following functions:
· Measurement for RRM and handover-relevant procedure.
· CA/DC and multiple TRP-relevant MIMO features.
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