


3GPP TSG RAN Meeting #101								       RP-232222
Bangalore, India, September 11-15, 2023

Agenda item:	8A.2.13.1
Title:	Discussion on the enhancements for the Network-controlled Repeater and Reconfigurable intelligent surface in Rel-19
Source:	CMCC
Document for:	Discussion and Decision

1. Introduction

In the RAN#97e meeting, based on the conclusion and observations from the SI, the work item of NCR was agreed. The objectives are listed as follows and with the aspect of power control to be checked in RAN#98e meeting [1]. 
· Beamforming
· UL-DL TDD operation
· ON-OFF information
· Note: Power control aspect will be checked in RAN#98e.

Due to the limited TU, the objective of power aspect was removed in the RAN#98e. And no power control is defined for the NCR. Without the power control mechanism, gNB cannot have the control of NCR’s transmit power, which also limits the flexibility of gNB for the link adaptation. 

Reconfigurable intelligent surface (RIS) is an emerging technology of inter-disciplinary nature that combines meta-surface materials and multiple antennas for mobile communications. In some scenarios, RIS can be used to extend the coverage. And in other scenarios, it can also be used to change the propagation environments and increase the layers of transmission. Though RIS was not formally discussed during the Rel-18. Some of the design can also be applied to the RIS. 

In this contribution, we provide our views on the motivations and features of enhanced NCR and the support of RIS in the Rel-19. 

2. Discussion 
2.1 The enhancements of NCR
2.1.1 Power control

During the SI phase, the power control of NCR was discussed and evaluated by companies. And the benefits were observed and captured in the TR [2]. But due to the limited TU, the power control was not specified during the normative work.

	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




Without the specification of power control of NCR, the transmit power of backhaul link and the DL transmit power of access link should be configured through implementation. Although the NCR-MT supports the power control as a normal UE for the UL link transmission. But this function cannot be used to facilitate the uplink transmission of backhaul link. Currently, the transmit power of uplink can only be configured in a fixed value, it cannot be adjusted according to the change of the link qualities. The transmit power of NCR cannot be increased when the interference is levelled up. And when too much noise is amplified, the NCR cannot lower the amplify gain to reduce the noise. 

Observation 1:
Without power control, the transmit power of NCR in both uplink and downlink can only be configured in a fixed value through implementation, which cannot be changed according to the link qualities, such as increase the power to confront the interference or reduce the amplifier gain to reduce the interference or amplified noise. 

If the transmit power of NCR backhaul link cannot be controlled or adjusted to the same level of normal UE, the uplink transmission of BH link and normal UE cannot be multiplexed. This limits the transmission opportunities of both normal UE and NCR BH link. If the transmit power of NCR in UL BH is larger than the normal UE, the uplink transmission of normal UE will be interfered or even blocked by the transmission of NCR BH.

Observation 2:
· Without power control, NCR backhaul link transmission in uplink cannot be multiplexed with the normal UE uplink transmission, which further limits the scheduling of both NCR forwarding and normal UE. 
· Without power control, the high transmit power of NCR backhaul link can even block the reception of uplink transmission of normal UEs.

In Rel-18 NCR, the beam indication of backhaul link is supported. If the beam of backhaul link changes, the pathloss and transmit power should be changed accordingly. But currently, it can only be realized through implementation. The power control of NCR should be supported in Rel-19 to facilitate transmission multiplexing and beam management of backhaul link transmission. 

Observation 3:
With the power control, when the beam of backhaul link changes according to the indication, then transmit power of backhaul link can change accordingly. 

Proposal 1:
The power control of NCR should be supported in Rel-19, to facilitate transmission multiplexing and beam management of backhaul link transmission.

For the uplink power control of the BH link, the current power control mechanisms can be the starting point. Both open loop and close loop power control can be considered. Open loop power control can be used to compensate the pathloss between NCR and gNB. The close loop power control can be used for the link adaptation, such as increasing the power strength of desired signals or reducing the interference to the others. For the DL power control, it is focused on the access link of NCR. At least, a semi-static configured transmit power can be used. If the interference to the other cell or UE increased, reducing the transmit power of NCR DL can also be considered. 

Proposal 2:
Both uplink and downlink power control can be considered for the NCR power control in Rel-19.

2.1.2 The enhancements of NCR capability reporting

In Rel-18, the physical beam information of NCR can only be informed to gNB and NCR via OAM. This induce an additional limitation and procedures for NCR to be deployed in the network. 

	Agreement
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 



In the current network, the Macro base stations have their own OAM system. If an NCR vendor want to deploy their products in the network, they have to connect to the OAM system of gNB, as concluded in the NCR WI. Additional inter-operationality operations would be carried out between the NCR vendor and gNB vendors. This will bring additional efforts for the 3rd party NCR vendor to deploy their products in the networks. If the NCR can report its beam capability information directly to the network, and gNB can configure both AC and BH link beams based on that information, the additional efforts can be reduced. To facilitate the deployment and commercialization of NCR, it is proposed to support the NCR beam capability reporting in Rel-19 in addition to the Rel-18 OAM based mechanism. A standardized procedure of beam capability reporting and configuration would reduce the difficulties for the NCR deployments. 

Proposal 3:
To facilitate the deployment and commercialization of NCR, it is proposed to support the NCR beam capability reporting in Rel-19 in addition to the Rel-18 OAM based mechanism.

2.1.3 The enhancements of Flexible BH link beam configuration/indication

In Rel-18, the beam indication of BH link is not flexible. When the beam indication is supported for the NCR, a MAC CE based beam indication would be used for the BH link. According to the agreements, only one beam will be used for the following time domain resources when the beam is indicated. Without the support of beam indication of BH link, the beam of BH link would either follows the C-link beam when simultaneous transmission happens or following the default beam of C-link of NCR-MT as in legacy. This will limit the flexibility of BH link beam, since the performance and interference situation of the BH beam may be different.

	Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link

Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.
Otherwise, the beam indicated by the dedicated signalling is applied for backhaul link.




For the side control information transmission, there would be no interference issue between access link beam and backhaul beam. Because, when the data forwarding and control information are not delivered at the same time, there will be no transmission at the access link. Only the transmission on the BH link happens in this case. There would be no interference between access link beams and backhaul link beams. 

But on the other side, in the data forwarding, when the BH link and access link will work simultaneously, interference issue would happen between BH link and AC link. As illustrated in Figure 1, if there are reflections around the AC Tx beam #4, the DL signal is possible to interfere the reception of the BH Rx beam #2. It may also even cause the self-oscillation of the NCR. It is the same for the uplink transmission. The transmission from BH link Rx beam #2 may interfere the reception of uplink through the AC tx beam #4. To avoid such self-interference between BH beam and AC beam, different beam pairs of BH link would be used, e.g. BH Tx beam#1 and BH Rx beam #1. The isolation between BH Rx beam #1 and AC Tx beam #4 can be larger than that of BH Rx beam#2 and AC Tx beam#4. And interference due to the reflection of the environment is possible less. In this condition, although most access link will use the same BH link beam pairs. But for some AC link beam, a different beam pair would be used for the BH link. Then a more flexible configuration or indication of the BH link beams should be supported. 

Proposal 4:
It is proposed to support more flexible backhaul link beam configuration and indications for NCR to avoid the self-interference issue between access link and backhaul link. 
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Figure 1 The self-interference between access link and backhaul link of NCR

2.2 The support of Reconfigurable Intelligent Surface
[bookmark: _Hlk136332905]
Reconfigurable intelligent surface (RIS) is an emerging technology of inter-disciplinary nature that combines meta-surface materials and multiple antennas for mobile communications. RIS can act as a relay to change the radio propagation environment in a controllable manner and thus significantly improving the link quality of wireless communications with low power consumption, low cost, low thermal noise, and full duplex. Considering its communication properties and coupling with network side, RIS relay can be also referred as Cooperative Reflecting Node (CRN). 
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Figure 2 Control and data forwarding/reflecting modules in Rel-18 network-controlled repeater and potentially in Rel-19 RIS.

There are commonalities between NCR and RIS as shown in Figure 2. NCR has a MT part which is functional as a normal UE to receiving the control signals from gNB. NCR-MT and NCR forwarding can share the same RF units, which facilitates monitoring the link quality of the backhaul link. On the other side, RIS should also have a a control unit to receive the control signals from gNB. RIS realizes the function of relay through the reflecting surfaces, which is very similar to the forwarding part of NCR. RIS can steer the reflection direction according to gNB’s signalling and reach to the target UE. It is also similar to the beam indication of access link of NCR. In the coverage extension scenarios, the RIS relay can share most functionalities as defined in Rel-18 NCR, such as timing and beam indications. 

Observation 4:
In the coverage extension environment, most design of NCR can be reused for the RIS system. 

On the other side, since RIS relay can enhance certain paths between gNB and UE, it can change the radio propagation environment. Enhancing some of the reflection paths or clusters would bring additional diversities to the channel and increase the transmission layers and capacities. In this scenario, the RIS panels can be seen as the extension of the gNB’s antenna. The reflection array of RIS can be controlled and coordinated by gNB to form a multiple layers transmission. It can be studied that the cooperative transmission with the reflection array of RIS to increase the transmission capacity in Rel-19. How to estimate the separate and composite channels of gNB-RIS-UE and gNB-RIS-UE can be studied. Both the improvement of SINR and transmission layers can be considered as the benefits when RIS is introduced in the deployments. 

[image: ]
Figure 3 Cooperative transmission with the reflection array of RIS
Proposal 5:
It can be studied the cooperative transmission with the reflection array of RIS to increase the transmission capacity in Rel-19.

2.3 Others
In the current agenda, the NCR enhancements was categorized as one of RAN2-led candidate topics. From our observation, if only the power control is enhanced for NCR in Rel-19 and includes some studies of RIS, it should be a RAN1-led project. 

Proposal 6:
Considering the candidate scope of NCR in Rel-19, it should be categorized as RAN1-led project. 

4. Conclusion
In this contribution, we provide our views on the motivations and features of enhanced NCR and the support of RIS in the Rel-19. The observation and proposals are as follows:

Observation 1:
Without power control, the transmit power of NCR in both uplink and downlink can only be configured in a fixed value through implementation, which cannot be changed according to the link qualities, such as increase the power to confront the interference or reduce the amplifier gain to reduce the interference or amplified noise. 

Observation 2:
· Without power control, NCR backhaul link transmission in uplink cannot be multiplexed with the normal UE uplink transmission, which further limits the scheduling of both NCR forwarding and normal UE. 
· Without power control, the high transmit power of NCR backhaul link can even block the reception of uplink transmission of normal UEs.

Observation 3:
With the power control, when the beam of backhaul link changes according to the indication, then transmit power of backhaul link can change accordingly. 

Observation 4:
In the coverage extension environment, most design of NCR can be reused for the RIS system. 


Proposal 1:
The power control of NCR should be supported in Rel-19, to facilitate transmission multiplexing and beam management of backhaul link transmission.

Proposal 2:
Both uplink and downlink power control can be considered for the NCR power control in Rel-19.

Proposal 3:
To facilitate the deployment and commercialization of NCR, it is proposed to support the NCR beam capability reporting in Rel-19 in addition to the Rel-18 OAM based mechanism.

Proposal 4:
It is proposed to support more flexible backhaul link beam configuration and indications for NCR to avoid the self-interference issue between access link and backhaul link. 

Proposal 5:
It can be studied the cooperative transmission with the reflection array of RIS to increase the transmission capacity in Rel-19.

Proposal 6:
Considering the candidate scope of NCR in Rel-19, it should be categorized as RAN1-led project. 
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