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Introduction
As per the continuous efforts to extend the coverage of wireless network with better cost-efficiency, the SID on evolution of NR network-controlled (NC) repeater was agreed with the following objectives [1]:
	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.

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.



This contribution presents ETRI’s views on NC repeater focusing on the following topics:
· Additional SLS results at FR1.
· Potential specification supports to enable NC repeater.

Discussion
[bookmark: _Ref102073165]SLS evaluations on network-controlled repeater
In this section, SLS evaluation results with or without NCR are provided to study the necessity of specification supports on side control information (SCI) for NCR. This contribution focuses on the performance gains from NCR at FR1 and our previous results for FR2 can be found in [5]. Detailed evaluation assumptions and parameters are given in section 4.
Figure 1 and Figure 2 provide wideband SINR CDF curves of wireless networks with gNB only (blue line), with gNB + Rel-17 RF repeater (red line, [2]), with gNB + Rel-18 NC repeater (orange line). In Figure 1 and Figure 2, a repeater-RU antenna configuration of small size, i.e., (M, N, P) = (4, 4, 2) with total 32 antenna elements in repeater-RU side, is utilized considering the frequency band (FR1). Figure 1 and Figure 2 show that the repeaters may degrade performances of UEs in a certain region (e.g., for cell-edge UEs with 5%-tile ~ 30%-tile performances from wideband SINR perspective in case of ideal repeater gain control). However, given that the observations above assume 1) non-FTP traffic model (i.e., full traffic) and 2) no scheduling gain for SINR calculation, it seems that the above side effect from repeater at FR1 can be resolved by a proper CSI feedback and scheduling in the practical environments. Figure 1(b) and Figure 2(b) show that a small payload of SCI (e.g. 4 bits) can provide SINR gains for more than 80% of indoor UEs. It is noted that we did not fully optimize the beam sets at repeater side in these evaluations due to the limited time and therefore the performance of NCR can be further improved.
From gain/power control aspects, Figure 1 utilized ideal repeater gain control so the repeater can utilize the maximum transmission power at repeater-RU. On the other hand, since a fixed repeater gain of 50 dB was assumed in Figure 2, each repeater may or may not be able to use the maximum transmission power at repeater-RU per the channel condition of gNB-repeater link. From the two sets of evaluations, it is observed that Dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration in FR1 as well as in FR2.
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[bookmark: _Ref102067744]Figure 1. SINR CDF curves at FR1, where the repeater antenna configuration for access link is (M, N, P) = (4, 4, 2) and ideal repeater gain control is assumed; (a) for all UE types, (b) for UE type 3 only.
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[bookmark: _Ref102067746]Figure 2. SINR CDF curves at FR1, where the repeater antenna configuration for access link is (M, N, P) = (4, 4, 2) and 50 dB fixed repeater gain is assumed; (a) for all UE types, (b) for UE type 3 only.
Table 1. SINR gains over gNB only cases, where the repeater-RU antenna configuration is (M, N, P) = (4, 4, 2) and ideal repeater gain control is assumed (associated with Figure 1).
	gNB / repeater layout
	SINR gain (over gNB only) [dB]

	
	5 %-tile
	50 %-tile
	95 %-tile
	Average

	gNB + RF Repeater (SCI payload = 0 bit)
	-0.45
	0.37
	9.80
	1.87

	gNB + NC Repeater (SCI payload = 4 bits)
	-0.59
	-0.07
	10.40
	1.93

	gNB + NC Repeater (SCI payload = 8 bits)
	-0.44
	-0.03
	12.46
	2.16

	gNB + NC Repeater (SCI payload =  bits)
	0.79
	2.15
	44.66
	10.06



Table 2. SINR gains over gNB only cases, where the repeater-RU antenna configuration is (M, N, P) = (4, 4, 2) and 50 dB fixed repeater gain control is assumed (associated with Figure 2).
	gNB / repeater layout
	SINR gain (over gNB only) [dB]

	
	5 %-tile
	50 %-tile
	95 %-tile
	Average

	gNB + RF Repeater (SCI payload = 0 bit)
	-0.47
	0.12
	3.98
	0.75

	gNB + NC Repeater (SCI payload = 4 bits)
	-0.20
	-0.86
	4.13
	0.58

	gNB + NC Repeater (SCI payload = 8 bits)
	-0.67
	-0.65
	5.31
	0.70

	gNB + NC Repeater (SCI payload =  bits)
	0.75
	0.91
	35.74
	7.21



Observation 1. Beam information of NCR access link is beneficial for both FR1 and FR2.
· Small (e.g., 4 bits per beam) SCI payload for beam control would be enough for FR1.
Observation 2. Dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration for both FR1 and FR2.
Proposal 1. Revise the previous agreement on NCR beam information as follows:
	At least for FR2For both FR1 and FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion



Potential specification supports for network-controlled repeater
In RAN1#109-e meeting, agreements on NCR beam management in Table 3 were made.
[bookmark: _Ref111021797]Table 3. Agreements on NCR beam management [4].
	Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement:
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier).
Agreement:
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.
Agreement:
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd




According to the observations in section 2.1 of this contribution and the previous results in [5], the following two proposals can be made:
Proposal 2. RAN1 to support SCI to indicate one or more beams among up to 16 repeater-RU beams for FR1.
Proposal 3. RAN1 to support SCI to indicate one or more beams among up to 64 repeater-RU beams for FR2.

In addition to the proposals above, beam management/control procedures considering the associated gNB-repeater and repeater-UE links. 
Figure 3 shows an example of Tx/Rx beam sweeping to determine beam pair for a gNB-UE link. As represented by Figure 3, to perform either of Tx beam sweeping or Rx beam sweeping from downlink perspective, one among the gNB Tx beam or the UE Rx beam should be fixed. Therefore, it can be summarized that the current specifications support the following two beam sweeping types, at least for downlink beam management:
· Type #A: gNB Tx beam sweeping + fixed UE Rx beam
· Type #B: Fixed gNB Tx beam + UE Rx beam sweeping

[image: ]
[bookmark: _Ref102074079]Figure 3. An example of Tx/Rx beam sweeping to determine beam pair for a gNB-UE link.
Since we have two more possible antenna panels (or two groups of antenna panels), i.e., repeater-MT panel(s) and repeater-RU panel(s), extensions of the above beam sweeping types would be helpful for the future discussions on how to enable beam sweeping to determine the beam pair(s) for gNB-repeater-UE links. For instance, the possible additional beam sweeping types would be:
· Type #C: gNB Tx beam sweeping + fixed {repeater-MT Rx, repeater-RU Tx, UE Rx} beams
· Type #D: Repeater-MT Rx beam sweeping + fixed {gNB Tx, repeater-RU Tx, UE Rx} beams
· Type #E: Repeater-RU Tx beam sweeping + fixed { gNB Tx, repeater-MT Rx, , UE Rx} beams
· Type #F: UE Rx beam sweeping + fixed {gNB Tx, repeater-MT Rx, repeater-RU Tx} beams

Observation 3. The current specification supports the following beam sweeping types:
· Type #A: gNB Tx beam sweeping + fixed UE Rx beam
· Type #B: Fixed gNB Tx beam + UE Rx beam sweeping

Proposal 4. RAN1 to consider the following additional beam sweeping types for NC repeater:
· Type #C: gNB Tx beam sweeping + fixed {repeater-MT Rx, repeater-RU Tx, UE Rx} beams
· Type #D: Repeater-MT Rx beam sweeping + fixed {gNB Tx, repeater-RU Tx, UE Rx} beams
· Type #E: Repeater-RU Tx beam sweeping + fixed { gNB Tx, repeater-MT Rx, , UE Rx} beams
· Type #F: UE Rx beam sweeping + fixed {gNB Tx, repeater-MT Rx, repeater-RU Tx} beams

In RAN1#109-e meeting, agreements on various NCR enhancements in Table 4 were made.
[bookmark: _Ref111034866]Table 4. Agreements on other NCR enhancements [4].
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
Agreement:
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.
Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC
Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd




Regarding the FFS point on handling of flexible symbols in NCR, the following three options are available:
· Option 1: NCR-MT does not receive DCI format 2_0. NCR-Fwd is turned off during flexible symbols. (Need to be discussed together with NCR ON-OFF indication.)
· Option 2: NCR-MT does not receive DCI format 2_0. NCR-MT monitors the UL-DL directions and may inform NCR-Fwd of the detected UL-DL direction by NCR implementation.
· Option 3: NCR-MT receives DCI format 2_0. NCR-MT informs NCR-Fwd of the detected UL-DL direction.
From our understanding the above three options need to be supported for different operation scenarios subject to NCR capabilities. 

Proposal 5. The following options can be considered for NCR behaviour on flexible symbols:
· Option 1: NCR-MT does not receive DCI format 2_0. NCR-Fwd is turned off during flexible symbols. (Need to be discussed together with NCR ON-OFF indication.)
· Option 2: NCR-MT does not receive DCI format 2_0. NCR-MT monitors the UL-DL directions and may inform NCR-Fwd of the detected UL-DL direction by NCR implementation.
· Option 3: NCR-MT receives DCI format 2_0. NCR-MT informs NCR-Fwd of the detected UL-DL direction.

Although the agreements on the benefits of power information were made in RAN1#109-e, it seems that there are no corresponding contents in TR38.867. As discussed in RAN1#109-e (and from the evaluation results in this contribution as well), we believe that the power information provides a certain level of benefit, although an explicit recommendation on PC could be discussed separately considering other aspects, such as the limited TUs for the follow-up WI. In this regard, the following agreements need to be captured by at least one of sections among subclause 6.4 and 9 of TR38.867:
	· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.



Proposal 6. Capture the previous agreements on the benefits of power information in TR38.867.
Proposal 7. RAN1 to support dynamic repeater gain/power control via SCI.

Conclusion
In this contribution, ETRI’s views on NC repeater were shown and the following observations and proposals were made:
Observation 1. Beam information of NCR access link is beneficial for both FR1 and FR2.
· Small (e.g., 4 bits per beam) SCI payload for beam control would be enough for FR1.
Observation 2. Dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration for both FR1 and FR2.
Observation 3. The current specification supports the following beam sweeping types:
· Type #A: gNB Tx beam sweeping + fixed UE Rx beam
· Type #B: Fixed gNB Tx beam + UE Rx beam sweeping

Proposal 1. Revise the previous agreement on NCR beam information as follows:
	At least for FR2For both FR1 and FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion


Proposal 2. RAN1 to support SCI to indicate one or more beams among up to 16 repeater-RU beams for FR1.
Proposal 3. RAN1 to support SCI to indicate one or more beams among up to 64 repeater-RU beams for FR2.
Proposal 4. RAN1 to consider the following additional beam sweeping types for NC repeater:
· Type #C: gNB Tx beam sweeping + fixed {repeater-MT Rx, repeater-RU Tx, UE Rx} beams
· Type #D: Repeater-MT Rx beam sweeping + fixed {gNB Tx, repeater-RU Tx, UE Rx} beams
· Type #E: Repeater-RU Tx beam sweeping + fixed { gNB Tx, repeater-MT Rx, , UE Rx} beams
· Type #F: UE Rx beam sweeping + fixed {gNB Tx, repeater-MT Rx, repeater-RU Tx} beams
Proposal 5. The following options can be considered for NCR behaviour on flexible symbols:
· Option 1: NCR-MT does not receive DCI format 2_0. NCR-Fwd is turned off during flexible symbols. (Need to be discussed together with NCR ON-OFF indication.)
· Option 2: NCR-MT does not receive DCI format 2_0. NCR-MT monitors the UL-DL directions and may inform NCR-Fwd of the detected UL-DL direction by NCR implementation.
· Option 3: NCR-MT receives DCI format 2_0. NCR-MT informs NCR-Fwd of the detected UL-DL direction.
Proposal 6. Capture the previous agreements on the benefits of power information in TR38.867.
Proposal 7. RAN1 to support dynamic repeater gain/power control via SCI.




[bookmark: _Ref110961700]Appendix (evaluation assumptions)

[bookmark: _Ref102066933]Table 5. Evaluation assumptions for network configuration parameters
	Parameter
	Values / Descriptions

	Scenarios
	UMa (for gNB-repeater link or gNB-UE link)
Indoor-office (for repeater-UE link)

	Sectorization
	3 sectors per cell site: 30, 150 and 270 degrees

	Carrier frequency
	5 GHz

	System bandwidth
	100 MHz for 5GHz

	Wrapping method
	Geographical distance-based wrapping

	Region of interest
	19 site (57 sectors)

	Number of repeaters (buildings) per sector
	3

	Building width
	120 m

	Building length
	50 m

	The number of floors of each building
	1

	O2I penetration loss
	According to subclause 7.4.3.1 in TR38.901

	UE attachment
	RSRP based on single gNB antenna port



Table 6. Evaluation assumptions for gNB configuration parameters
	Parameter
	Values / Descriptions

	gNB antenna configurations
	Mg = Ng = 1, dv = 0.5,
(M, N, P) = (8, 8, 2)

	gNB antenna port mapping
	All elements with the same polarization are mapped to a single port

	Antenna virtualization 
(analog beam forming)
	DFT vector based

	gNB Tx power
	46 dBm



Table 7. Evaluation assumptions for repeater configuration parameters
	Parameter
	Values / Descriptions

	Repeater-MT antenna configurations
(for both C-link and backhaul link)
	Mg = Ng = 1, dv = 0.5,
(M, N, P) = (4, 4, 2)
Boresight direction: To the serving gNB

	Repeater-RU antenna configurations
(for access link)
	Mg = Ng = 1, dv = 0.5,
(M, N, P) = (4, 4, 2)
Boresight direction: From ceiling to floor, i.e., 

	Repeater antenna port mapping
	All elements with the same polarization are mapped to a single port

	Antenna virtualization 
(analog beam forming)
	DFT vector based

	Repeater-RU Tx power
	30 dBm

	Repeater gain
	Ideal, fixed (50 dB)

	Repeater-MT height
	4.5 m (rooftop of one-story building)

	Repeater-RU height
	3 m (ceiling of the first floor)



Table 8. Evaluation assumptions for UE configuration parameters
	Parameter
	Values / Descriptions

	UE antenna configurations
	[image: ]Mg = Ng = 1, dv = 0.5,
(M, N, P) = (1, 4, 2)
Two panels, one for front side and the other for rear side.

	UE antenna port mapping
	All elements with the same polarization are mapped to a single port

	Antenna virtualization 
(analog beam forming)
	DFT vector based

	UE speed
	3 km/h
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                      (a) For all UEs  The network may turn the NCR off  to protect outdoor UEs in this area.    (b) For UE type 3 (Indoor UE served by repeater) only     A small payload of SCI (e.g.  4 bits) can provide SINR  gains for more than 80% of  indoor UEs (even without  repeater beam optimization)


