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Introduction
[bookmark: _Ref494215420]In this paper, we will present our opinions on side control information to enable NR network-controlled repeaters.
In the SID of Rel-18 network-controlled repeater, the objective about side control information is list below:
	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)



Discussion
Beamforming information
Network-controlled repeaters can receive the signal from gNB/UE and forward the amplified signal to a certain direction by means of beam steering. Due to its advantages of low cost and enhanced coverage, it has been considered as one of the topics for Rel-18. According to the previous discussions, the SID assumed that network-controlled repeaters are transparent to UEs, but have the capability of communicating with gNB to obtain side control information. It is a common understanding that repeater is linked with gNB, the control link between gNB and repeater conveys the control information for transmission. 
Beamforming is one of the important features in side control information of the network-controlled repeater. Regarding to the impact on the existing specification, the following problems are needed to be discussed.
· The issue on synchronization and beam sweeping
The information interaction among gNB, repeater and UE is a dual-hop relayed transmission. Similar to the beam management in existing specification, beam sweeping should be performed on repeater-UE link to determine the optimal beam for transmission. Take downlink beam sweeping as an example, the beams received by UE are partly from gNB directly and partly forwarded by repeater, however all beams are regarded as being sent from gNB for UE, as shown in Figure 2.1-1. During beam sweeping, repeater should be precisely in sync with gNB and needs a precise time offset to know when the beam should be sent. Consequently, a timeoffset is needed to indicate to repeater for the purpose of synchronization. Besides, the information of the number of beams for beam sweeping is needed to be informed to repeater in advance. The number of beams participating in beam sweeping is configured by gNB, depending on the beam capability and the resource configuration of the repeater.

[image: ]
Figure 2.1-1. Illustration of beam sweeping 
· The mechanism of beam indication. 
In the traditional beam management procedure, when the beam sweeping and beam measurement process is completed, the best beam identified by the UE (gNB) should be informed to the gNB (UE). However, the best beam identified by the UE(gNB) should also informed to gNB(UE) when the best beam is forwarded by repeater. To achieve this goal, a direct solution is that a specific index could be introduced to denote the beam of repeater. Besides, indicating the best beam implicitly should be supported as well. 
· Resource configuration for network-controlled repeater
Based on the previous discussion, the repeater-UE beam sweeping is conducted under the instruction of the gNB, thus the beam related resources of network-controlled repeater should be configured by gNB. The time-domain behavior of the resource configuration for network-controlled repeater could be indicated by higher layer parameter and different time-domain behavior, i.e., periodic, aperiodic, semi-periodic, shall be supported. Other configurations that associated with different time-domain behavior should also be put into consideration. Furthermore, resource configuration for network-controlled repeater can depend on the repeater implementation.
In summary, we propose that:
Proposal 1: The following standardization is required of side control information for beamforming:
1) Considering the synchronization between UE/repeater and gNB, time offset of the repeater for beam measurement should be studied.
2) Support the resource configuration for repeater, all of the time behavior, e.g. periodic, aperiodic and semi-periodic, should be supported.
3) The number of repeater’s beams participating in beam training should be indicated;
4) The mechanism of beam indication need to be studied, it can be realized by direct or indirect indication.
Timing information
The repeater’s behaviours when it forwards the DL signal and UL signal are different. For example, the beamforming for DL and UL could be different when there is no beam correspondence for a UE or the DL signal and UL signal correspond to different UEs. The amplification gain for DL and UL may also be different to handle the coverage issue for DL and UL independently. Therefore, it is important to align the timing boundaries at repeater side to enable the repeater to change its configuration when the DL/UL timing boundary arrives.



Figure 2.2-1. Timing boundaries for DL and UL at each side
The timing boundaries for DL and UL at each side are illustrated in Figure 2.2-1. Based on the SID, only stationary network-controlled repeater is considered. Therefore, the transmission delay from gNB to repeater is fixed. If the repeater can measure and decode SSB to get the DL synchronization information, timing information for DL is not required to be included in side control information. Otherwise, if the repeater doesn’t decode any DL signal within the DL active BWP, timing information for DL should be included in side control information or derived from the channel carrying the side control information. If the timing information is included in side control information, it should be optional to save overhead. Besides, it is also possible to determine the transmission delay and pre-configure the timing boundary for DL during deployment.
Observation 1: For timing information for DL, consider one of the following options:
· Option 1: It is optionally included in side control information or derived from the channel carrying the side control information
· Option 2: It is obtained by SSB measurement from the repeater
· Option 3: It is implemented by operators during the deployment 
For UL synchronization, Timing Advance Command MAC CE can be used to adjust the transmission timing of the UE. Similar as for DL, the transmission delay from repeater to gNB is also fixed. If repeater is required to transmit UL signal to gNB within the UL BWP, gNB can measure the UL signal and include the TA to side control information. It is also noted that the TA information for repeater should be optional to save overhead. Similar as for DL, it is also possible to determine the transmission delay and pre-configure the UL TA for repeater during deployment.
Observation 2: For timing information for UL, consider one of the following options:
· Option 1: It is measured by gNB and optionally included in side control information
· Option 2: It is implemented by operators during the deployment 
Information on UL-DL TDD configuration
For legacy NR, we have three different levels of UL-DL TDD configurations, TDD-UL-DL-Pattern, TDD-UL-DL-ConfigDedicated and SFI. The first two parameters are high layer signalling corresponding to CC-level and UE-level configurations, respectively. The last is configured via dynamic signalling. 
Compared with legacy NR, we have two more communication links, i.g., gNB->smart repeater (Link-1) and smart repeater->gNB (Link-2). To avoid serious uplink-to-downlink interference, it is better to locate Link-1 in legacy downlink slot and Link-2 in legacy uplink slot. Regarding flexible slot(s)/symbol(s), we are open to the study of L1 signalling similar to SFI methods.  
In sum, we can utilize the legacy UL-DL TDD configuration as a starting point. On top of that, we can further study how to located Link-1/2 within the traditional system.


Figure 2.3-1. Possible enhanced UL-DL TDD configuration for smart repeater assisted network
Proposal 2: On top of legacy UL-DL TDD configuration, additional signaling should introduced for gNB-Smart Repeater communication.
ON-OFF information
Though smart repeater can effectively enlarge coverage, increase throughput, etc, negative effects also exist especially for large amount of repeaters. For instance, power consumption is a critical issue which directly related to the cost as well as environment protection. For the purpose of green communication, always-on smart repeater is not a good choice. Besides, the UEs served by a specific repeater is limited meaning the DL/UL packet transmission are not always required. Moreover, for the purpose of interference mitigation, sometimes we may turn off some repeaters. Therefore, an On-Off mechanism for smart repeater is beneficial and deserves further study.
For Uu link, we already have a very mature DRX procedure which realizes the On-Off function at UE sides. Naturally, we can use DRX procedure as a starting point for the study of on-off information for smart repeater. 


Figure 2.4-1. DRX-like On-Off procedure for smart repeater
Proposal 3: DRX procedure could be regarded as a starting point for the study of on-off information for smart repeater.
Power control information
Without power control for smart repeater, smart repeaters always use maximum transmission power which instead may causing too much interference from system perspective. To better control the whole network, it is beneficial to introduce power control procedure for smart repeater. 
For example, the network can control the transmission power of each repeater. If one repeater causing too much interference to other repeaters or UEs, gNB can lower its power. Further, considering the FR2 feature, beam-specific power control can also be considered. 


Figure 2.5-1. Illustration of power control for smart repeater
Proposal 4: Network can control the maximum Tx power of smart repeaters.
Conclusion
In this contribution, we discussed different types of side control information to enable NR network-controlled repeaters. The following observations and proposals are achieved:
Observation 1: For timing information for DL, consider one of the following options:
· Option 1: It is optionally included in side control information or derived from the channel carrying the side control information
· Option 2: It is obtained by SSB measurement from the repeater
· Option 3: It is implemented by operators during the deployment 
Observation 2: For timing information for UL, consider one of the following options:
· Option 1: It is measured by gNB and optionally included in side control information
· Option 2: It is implemented by operators during the deployment 
Proposal 1: The following standardization is required of side control information for beamforming:
1) Considering the synchronization between UE/repeater and gNB, time offset of the repeater for beam measurement should be studied.
2) Support the resource configuration for repeater, all of the time behavior, e.g. periodic, aperiodic and semi-periodic, should be supported.
3) The number of repeater’s beams participating in beam training should be indicated;
4) The mechanism of beam indication need to be studied, it can be realized by direct or indirect indication.
Proposal 2: On top of legacy UL-DL TDD configuration, additional signaling should introduced for gNB-Smart Repeater communication.
Proposal 3: DRX procedure could be regarded as a starting point for the study of on-off information for smart repeater.
Proposal 4: Network can control the maximum Tx power of smart repeaters.
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