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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

In RANP#94e, a SID on network-controlled repeater [1] is approved, and the objective is as following:
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.

In this contribution, we discuss the issues related to side control information for network-controlled repeater.
2 Discussion
The architecture of a network-controlled repeater is as shown in Fig 1. There is a RU part in the network-controlled repeater, which can forward the signal from gNB-repeater link to repeater-UE link, and vice versa. There is also a MT part in the network-controlled repeater, and it can receive side control information from gNB, and also control the operation of RU, such as setting the weighting factor/power for each antenna element corresponding gNB-repeater link and repeater-UE link. The MT part can also report some information to gNB for proper configuration. There is no link between the MT part and the UE, so it means that the repeater can’t make any control or configuration to UE. The UE will only follow the configuration from gNB.


Fig 1. Architecture of network-controlled repeater
2.1 Beam forming information
As shown in Fig 2, RU beam for gNB-repeater link and repeater-UE link will not only influence the CSI for both links, but also impact the interference to other UE/gNB, so proper beam information setting is necessary. In legacy NR network, the beam framework is based on gNB indicating the beam for the link between gNB and UE. However, with introduction of network-controlled repeater, signal from gNB to UE needs to go through the repeater, so the beams for both gNB-repeater link and repeater-UE are necessary. At the UE side, it can be transparent to UE by indicating to UE the corresponding beam for repeater-UE link by legacy signaling. While at the repeater side, it needs to know the beam for gNB-repeater link and the beam for repeater-UE link. 
[image: ]
Fig 2. Illustration of gNB-repeater link and repeater-UE link
2.1.2 Measurement and reporting
As the repeater and gNB are in a fixed location, gNB can use, gNB-repeater link, the same spatial filter used for the corresponding SSB during initial access procedure of the repeater. The other option is that the gNB can configure the repeater to measure limited set of CSI-RS beams  within the SSB beam to identify the best beam for gNB-repeater link that it would be then fixed and used for all the rest of the communication or refined with a low periodicity and limited CSI-RS sweeping. 
To determine the proper beam for gNB-repeater link and repeater-UE link for DL/UL channel, CSI-RS/SRS transmission/measurement/reporting in legacy release can be reused. To make it transparent to UE, for DL beam measurement/reporting based on CSI-RS, a NZP CSI-RS set can be configured to UE, and it can be configured with “repetition” set to be “off”. The NZP CSI-RS in the same resource set can be used for gNB side beam sweeping, and the NZP CSI-RS with same resource index and different resource set indices can be used for UE side beam sweeping. With introduction of network-controlled repeater, the difference from legacy release is that beam sweeping within a CSI-RS resource set will contain gNB side beam sweeping, repeater side beam sweeping for gNB-repeater link, repeater side beam sweeping for repeater-UE link. 
Proposal 1: For  beam measurement/reporting, both the beam at gNB side and the beam at repeater side should be considered.
The beam measurement/reporting for gNB-repeater link and repeater-UE link can be performed jointly. An example is shown in Fig 3. A NZP CSI-RS resource set with 24 resources are transmitted from gNB to UE, and each resource is associated with a specific beam at gNB transmission side, repeater reception side, repeater transmission side. Based on the association between CSI-RS and beam at gNB and repeater side, with the UE reported CRI and RSRP, gNB can determine a proper beam at gNB side and repeater side. If there is indication from gNB to repeater, repeater can determine the reception beam for gNB-repeater link and the transmission beam for repeater-UE link. At the UE side, UE can determine the corresponding reception beam as  in legacy release.
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Fig 3. Joint beam measurement/reporting for gNB-repeater link and repeater-UE link

To determine the beam for gNB-repeater link and repeater-UE link, the measurement/reporting can also be performed separately. As shown in Fig 4, in step 1, gNB transmission of CSI-RS and repeater measurement/reporting can be performed to determine the proper beam for gNB transmission and repeater reception. In step 2, with the selected gNB transmission beam and repeater reception beam, a new CSI-RS set can be transmitted from gNB, forwarded by repeater and measured/reported by UE to determine the proper repeater transmission beam for repeater-UE link.
Proposal 2: Study joint and separate beam measurement/reporting to determine proper beam at gNB and repeater side.
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Fig 4. Separate beam measurement/reporting for gNB-repeater link and repeater-UE link
2.1.3 Beam indication to network-controlled repeater
To make proper operation for both gNB-repeater link and repeater-UE link, gNB needs to indicate to repeater the beam for both gNB-repeater link and repeater-UE link. The indication for different links can be separately or jointly. For joint indication, the indication can be based on the beam indication to UE for a time/frequency and a relationship between the beam to UE and the beam to repeater. With this method, signaling overhead may be reduced, as indication from gNB to UE can be reused. However, the MT cannot decode UE-intended control information because of different scrambling, information of which is not desired to be shared with the repeater. For separate indication, the indication can be a beam pattern for a time domain duration for gNB-repeater link, and another beam pattern for a time domain duration for repeater-UE link. There will be additional signaling overhead, and may limit the flexibility for scheduling from gNB to UE. While there is no security issue.
Proposal 3: Study joint and separate indication of beam for gNB-repeater link and repeater-UE link.
There may be multiple TRPs at the gNB side, and the link between gNB and repeater can contain a link between TRP#1 to repeater and TRP#2 to repeater as shown in Fig 5. Similar mechanisms introduced for multiple TRP between gNB-UE should be reused as much as possible for the link between multi-TRP gNB and repeater. Schemes such as FDM, TDM, SDM and SFN should also be considered for multi-TRP gNB and repeater. There may be a difference between multi-TRP gNB-repeater and multi-TRP gNB-UE. For a single UE, the association between different TCI states/corset pool index and different time/frequency domain resources is based on the scheduled/indicated time/frequency domain resource for the UE. While for repeater, the associated time/frequency domain resource may be for multiple UEs served by the repeater.
Proposal 4: Study the scenario when there are multiple TRPs for the gNB-repeater link.
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Fig 5. Multi-TRP for gNB-repeater link
Beam indication is used for multiple procedures in legacy NR network, such as DL/UL RS for measurement/reporting, PDSCH/PUSCH/PDCCH/PUCCH scheduling, as well as initial access procedure and beam failure recovery procedure. During the initial access procedure, a UE selects a RO associated with a SSB, and transmits preamble in that RO. At gNB side, by preamble detection in a RO and the association between SSB and RO, both gNB and UE can have common understanding on the selected beam for DL/UL communication. And following RAR/msg3/msg4 and feedback for msg4 can use the same selected beam. For BFR procedures, similar mechanism is adopted, and the main difference from random access procedure is that a new beam in the candidate beam RS list replaces the UE selected SSB in the random access procedure. In a word, both random access and BFR procedure adopts some kind of implicit beam determination. With introduction of network-controlled repeater, even though the repeater can determine the corresponding beam for SSB and RO based on association between beam and time domain resource, the repeater can’t know the implicit determined beam used for following RACH and BFR procedure. Some kind of beam indication or association may be necessary for proper repeater operation.
Proposal 5: Study the beam determination in RACH and BFR procedure for network-controlled repeater.
[bookmark: _Hlk90342265]There may be multiple connected repeaters to the gNB that can be used to serve a UE if the UE is in the proximity of these repeaters. A joint transmission from the two repeaters configured within the same cell can improve the throughput (via joint transmission) and/or reliability (utilizing diversity via TDM/FDM transmission). For instance, under non-coherent joint transmission with two repeaters configured within the same cell, the two repeaters may jointly communicate with one UE to transmit two sets of layers corresponding to at least one codeword. An illustration of this scenario is provided in Figure 6.

Proposal 6: Consider joint transmission from multiple repeaters to serve a UE.
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[bookmark: _Ref90483482]Fig 6. Example illustrating a setup with two repeaters switched ON simultaneously to serve one UE

2.2 Timing and TDD configuration
For timing configuration, R16/17 IAB introduce case 1, case 6 and case 7 timing for TDM/FDM/SDM between an IAB node’s parent link and child link. However, the IAB node can perform decoding and encoding of signal, while the network-controlled repeater can only perform forwarding of the received signal. The processing at network-controlled repeater can be seen as a kind of propagation delay, and the CP can handle the impacts of the TA, beam, and TDD switching times, and hence legacy solutions to determine the DL Rx timing and UL Tx timing at UE side can be reused without spec impact.
Regarding TDD configuration, there is already semi-static configuration of TDD pattern by TDD config common and TDD config dedicated, and dynamic configuration by DCI 2-0. If the network-controlled repeater can receive legacy TDD configuration, it can just follow the configuration to perform DL and UL forwarding, and the system can work well without additional spec impact. One of the deployment scenarios is deploying the repeater at cell edge to extend the cell coverage. For such scenarios, configuring UEs, which are connected through the repeater, with dynamic TDD would increase the chance of interference if the neighbour cells are not in synch with the cell that controls the repeater. Dynamic TDD is meant for small or isolated cells, while network-controlled repeaters are mainly used for increasing the cell footprint. Therefore, static TDD configuration of UEs served by the repeater would be preferred vs dynamic TDD configuration. 

Proposal 7: For timing and TDD configuration, legacy solutions can work without additional enhancement.
As the repeater MT receiver requires time to decode the control information, an indication of the slot number for which the carried configuration to be applied needs to be considered. For example, the repeater needs to be configured with timeDurationForQCL that represents the number of OFDM symbols needed to decode the control information according to the MT capability which might be different than the one of the UE. Furthermore, the delay between receiving/decoding information and the actual application on the forwarding link needs to be taken into account including hardware delay at the repeater side.
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Fig 7. An example of applying control information on the slot boundary (The start of the next slot)
Proposal 8: The time delay between receiving/decoding the control information and the actual application of the configuration on the forwarding link needs to be taken into the account.

2.3 Power control and ON/OFF information
As FR2 is the first priority target band for network-controlled repeaters, the channel condition between the UE and the repeater may change dynamically due to the changeable path loss according to UE mobility and blockage. Therefore, the power of the DL transmission towards the UE and the UL transmission towards the gNB needs to be adjusted by controlling the gain of repeater’s PA. Reducing the UL power is beneficial for avoiding blocking the receiver at gNB if the repeater is deployed close to the gNB, while increasing the power of the UL transmission reduces the needed boosting of the power at the UE side. On the other hand, controlling the DL power provides high flexibility for interference management than OAM-based power control solutions. The ON/OFF information can be treated, in principle, as a special case of power control parameter, i.e., power control value of 0 means OFF state of the repeater, while other values represent ON state with the corresponding gain.
Proposal 9: Consider power control for interference management and power saving.  

Furthermore, since network-controlled repeaters target coverage improvement in areas with low signal quality from the gNB, which are typically close to cell boundaries, forwarding signals towards the cell boundaries are more likely to cause excessive inter-cell interference compared to transmissions in other spatial directions. Therefore, it is beneficial to adjust/limit the transmission for the signal forwarding operation specifically in cell-outward directions instead of all directions in order to avoid unnecessarily compromising cell coverage in areas farther from the cell boundaries. Hence, we propose the following.
Proposal 10: Study power adjustments towards cell boundaries for reducing inter-cell interference without compromising coverage performance in other areas of the cell.

If the gNB enters the network energy saving mode such as reduced carrier, beam/antenna panels, SSB sweeping period depending on the traffic load, in this case, it might be useful to send an indication to the repeater with ON/OFF signalling or reducing the capabilities of the repeater so that the repeater also enters the energy saving mode along with the gNB for both energy saving and interference minimization. If the repeater is served by multiple TRPs, then the repeater enters the network energy saving mode only if all TRPs are in energy saving mode.
Proposal 11: Consider alignment of network energy saving mode between the gNB and repeater

In case of multiple repeaters, the ON/OFF control information can be coordinated such that no two repeaters that have a strong channel gain to a same UE can be activated simultaneously. Note that adding more repeater(s) to a cell may have detrimental impact on network performance, since the additional repeater(s) may increase the inter-cell interference on out-of-cell UEs. For instance, instead of turning ON/OFF repeaters in a TDM fashion, if the selected Tx beams corresponding to the two repeaters would lead to negligible interference, then both repeaters can be turned on simultaneously, otherwise, both repeaters cannot be turned on simultaneously. An illustration of this scenario is provided in 8.

Proposal 12: Consider ON/OFF patterns for interference avoidance including studying the granularity of the ON and OFF durations 
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[bookmark: _Ref90483498]Fig 8. Example illustrating a setup with two repeaters switched ON/OFF based on the Tx beam


2 Conclusion
In this contribution, we discussed the issues related to side control information for network-controlled repeater, and our proposals are as following:
Proposal 1: For DL beam measurement/reporting, both the beam at gNB side and the beam at repeater side should be considered.
Proposal 2: Study joint and separate beam measurement/reporting to determine proper beam at gNB and repeater side.
Proposal 3: Study joint and separate indication of beam for gNB-repeater link and repeater-UE link.
Proposal 4: Study the impact of the scenario when there are multiple TRPs for the gNB-repeater link.
Proposal 5: Study the beam determination in RACH and BFR procedure for network-controlled repeater.
Proposal 6: Consider joint transmission from multiple repeaters to serve a UE.
Proposal 7: For timing and TDD configuration, legacy solutions can work without additional enhancement.
Proposal 8: The time delay between receiving/decoding the control information and the actual application of the configuration on the forwarding link needs to be taken into the account.
Proposal 9: Consider power control for interference management and power saving.  
Proposal 10: Study power adjustments towards cell boundaries for reducing inter-cell interference without compromising coverage performance in other areas of the cell.
Proposal 11: Consider alignment of network energy saving mode between the gNB and repeater
Proposal 12: Consider ON/OFF patterns for interference avoidance including studying the granularity of the ON and OFF durations 
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