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Introduction
In the RAN #94-e meeting, the network-controlled repeaters study item was agreed to be set up. The objectives related to RAN1 are listed below [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]




In this contribution, we discussed side control information of network-controlled repeater.
Discussion
2.1 The basic assumptions of network-controlled repeater 

Before the detailed discussion on the side control information, the group should be aligned about the basic assumptions of the network-controlled repeaters, such as working mode, protocol stacks. Based on that we would have a clear understanding on how the network-controlled smart repeaters work. Then the group could decide which functions are necessary for the NCR. 
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[bookmark: _Ref101799597]Figure 1 the illustration of interactions among NCR, gNB and UEs
In the Figure 1, there are multiple links among the gNB, NCR and UEs. The main function of NCR is forwarding and amplifying the signals and channels from gNB to UE in the downlink and from UE to gNB in the uplink. There aren’t any coding or decoding operations at NCR for the forwarded information. As illustrated in the WID, the repeater is controlled by the network or the gNB. Then between gNB and repeater, there should be control information, i.e. side control, to provide any control and feedback to the repeater. For the clear description and illustration, we define the link between gNB and NCR as backhaul link and the link between NCR and UE as access link, which is similar as IAB and LTE relay.

Proposal 1: 
Define the link between gNB and NCR as backhaul link and the link between NCR and UE as access link for clear illustrations and facilitating further discussions. 

The basic structure for the Network-controlled repeater is illustrated as in Figure 2. Similar as IAB, the NCR could be divided into two parts. One is the DU/RU (radio unit) part and the other is as the MT part. The RU part only contains the RF units amplifying and forwarding the information from gNB or UE. And the MT part, from our understanding, is mainly functioned as the controller for the NCR. The side-control information should be delivered to the MT part. And the MT part could also send feedback information to the gNB. The RF unit of MT part could be shared with RU part of NCR reduce the cost of the product. The protocol stack for the MT part could try to reuse current UE specification as much as possible to reduce the additional development of the NCR specific functions. If the smart repeater could reuse the current NR UE chipset, it could also provide cost efficiency and lower the price of the NCR, which benefits the NCR’s future commercialization. Then the protocol stack of MT part should contain RRC, MAC and physical layer which enable the semi-static configuration for the basic functionalities and dynamic indications. 
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Figure 2 The basic structure of Network-controlled repeater

Proposal 2:
The protocol stacks of the MT part of NCR should contain RRC, MAC and physical layer to support the semi-static configuration and dynamic indications and feedbacks. 

Since the RF units are shared between MT part and RU part of the NCR. There could be multiple assumptions for the working mode between MT and RU. 

Assumption 1: MT part and RU part receive DL signals simultaneously but transmit UL signal in a TDM mode

In this assumption, the MT part and RU part share the downlink reception and could work simultaneously. The downlink signal could be amplified and forwarded through the RU part to the access UEs. On the other hand, there could be internal connections from RU part to MT. The downlink signal could be transmitted internally to the MT part and the MT part could demodulate it for control or other information. 

But in the uplink, MT part would generate its own data or control information and transmit through the RU part. If the RU part are forwarding some signals from the access UE, the two signals from MT part and UE may interfere each other even they occupy different frequency resources. The simultaneous transmission of MT part signal and uplink forward signals may put additional requirement for the NCR. This needs more information from RAN4 experts. 

Assumption 2: MT part and RU part receive DL signals simultaneously and transmit in UL simultaneously

In this assumption, the MT part and RU part could receive the DL signal simultaneously and transmit the uplink signal simultaneously, if the interference issue as mentioned in the assumption 1 between MT signal and the forwarded signal could be solved. 
If the interference issue as mentioned in the assumption 1 between MT signal and the forwarded signal could be solved, the MT could send uplink signals while the RU are forwarding the uplink signals from access UEs. This provides the highest flexibility for the multiplexing of side control information transmission and data forwarding. 

Assumption 3: MT part and RU part receive DL signals in a TDM mode and transmit in UL in a TDM mode

If we consider that the Assumption 2 puts additional requirements to NCR for uplink transmitting without any interference between the MT and forwarded signals, the Assumption 3 put the lowest requirements to the NCR. In the assumption 3, the MT and RU are working in a TDM mode. When there is a downlink forwarding data to the NCR, the MT part will not decode the signal for its own control information. Once the MT part are scheduled by gNB for receiving the control information, the RU part will not work or forward any data to the access UEs. 

Proposal 3:
3 operation assumptions for the NCR have been observed as below. It is proposed that at least Assumption 1 is considered as the baseline for the NCR operation. If possible, discuss the feasibility of Assumption 2. 
· Assumption 1: MT part and RU part receive DL signals simultaneously but transmit UL signal in a TDM mode.
· Assumption 2: MT part and RU part receive DL signals simultaneously and transmit in UL simultaneously
· Assumption 3: MT part and RU part receive DL signals in a TDM mode and transmit in UL in a TDM mode. 

2.2 Beamforming information 

Beamforming is important for extending the coverage especially in FR2. In the scenario of NCR, as the repeater is transparent to the access UE, the beamforming or the beam management should be under the control of gNB and pointing the beams to the target UEs. Both the beam management of backhaul link and access link should be considered. 

The beam management of backhaul link is to maintain the quality or the performance of backhaul link. If the NCR is located in a higher position, due to there would be less blockage and the backhaul performance may not be a problem. But if the NCR is located in a lower position, the blockage could happen and the beam management of the backhaul link is necessary to maintain the quality for backhaul transmission. On the other hand, the beam management could release the work load for the practical deployment of NCR. Without the beam management, the beams of backhaul link are aligned manually when the NCR is deployed and may not be adjusted afterward. The beam management could save the work load of fine retuning of the beams. But it could also be more robust if some blockage happens between the gNB and NCR, and the gNB could find a backup direction or beam for the backhaul link. 

Proposal 4:
The beam of backhaul link should be controlled by gNB. The beam information of backhaul link should be delivered to the NCR in the side control information by gNB.  

For the access link, the beam management is similar as current mechanism from gNB directly to UEs. In the access link, beam management could provide a SINR performance for the UE and could reduce the impact from UE mobility. As the NCR only forward and amplifies the signal from gNB, NCR does not have any knowledge of UEs. The beam management should be controlled by gNB. And the beamforming information should be delivered to the NCR.

Proposal 5:
Since the NCR only forwards the signals from the gNB and it does not have any information of UEs, the beam management for access UEs should be under the control of gNB. And the beam information of access link should be delivered to NCR in the side control information by gNB. 

As in the legacy beam management mechanisms, both SSB and CSI-RS could be considered for the backhaul link and access link beam management. Compared with SSB, CSI-RS have more flexibility for the transmission direction. The CSI-RS could be directly transmitted to the NCR using the best directions as in Figure 4. But the SSBs are more limited in the transmission directions, since the SSBs have to be pointed to different directions to provide a basic coverage for the UEs. The NCR has to use a proper receiving beam for the reception of each SSB as in Figure 3. 

On the other hand, the NCR should report at least how many beams are used for the access link to provide a basic coverage. The gNB could decide how many beams are needed for the UE measurement of the beam quality. Then the gNB could configure the SSB or CSI-RS for the NCR to forward and facilitate the UE measurements. 

Proposal 6: 
The NCR should at least report the number of beams that could provide a basic coverage for the access UE to facilitate the configuration of gNB for beam management.
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Figure 3 Beam management based on SSB
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Figure 4 beam management based on CSI-RS

As the NCR is transparent to the UEs, if a UE want to access the gNB, the NCR should be able to forward the SSB to the access UE and could also forward the PRACH from the UE to the gNB in the proper uplink slots to accomplish the initial access procedure. Unlike the CSI-RS, the beams of SSB from gNB are relatively fixed and pointing to different directions to provide a basic coverage. 

Two schemes could be considered for NCR to provide qualified SSBs to the access UEs. The 1st one is as illustrated in Figure 5. The NCR detects the best or qualified SSBs which will be forwarded for the access links. This scheme has less impact to the configuration of gNB or network planning. But the power of the forwarded SSBs varies due to that they are received from different directions and using various receiving beams. But after the synchronization and initial access, the gNB can still use the best beam for CSI-RS and Data forwarding. The 2nd scheme is that the gNB pre-allocates some SSBs from the maximum 64 SSBs for NCR. And those SSBs are transmitted using a same beam or in a same direction at the backhaul link, as illustrated in Figure 6. And at the access link, the NCR would forward the SSBs to the different directions. This scheme could provide the SSBs with similar power. But this scheme requires to add or change the SSB beams of the gNB if a new NCR is introduced. If all the NCR use different SSBs or different SSB indexes, the number of NCR that could be introduced to the gNB is limited. And this also impacts the number of SSBs used by gNB directly serving the UEs. In the practical procedure of network planning and operation, it will bring a large amount of additional workload if we have to update the configuration of gNB to change the SSB pattern every time when a new NCR is introduced. 
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Figure 5 Scheme 1 using different BH beams
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Figure 6 Scheme 2 using a same backhaul beam
Both schemes have its own advantages and flaws. The Scheme 1 is easy to deployed and without impact to the gNB’s configuration. But the power strength of the forwarded SSBs are not even. And if the number of the qualified SSBs is small, the NCR coverage would be loss due to not enough qualified SSBs could be forwarded for the access link. The advantage of the Scheme 2 is that the forwarded SSBs have a similar transmit power. But the total number of NCR under one gNB is limited. And the updating of gNB’s configuration for SSB allocation or SSB pattern updates will bring additional work load in the practice. Both schemes have their own using scenarios and should be considered in the following studies. 

Proposal 7: 
Both schemes have their own using scenarios and should be considered in the following studies.
· Scheme 1: The NCR only forwarded the qualified SSBs without the change of SSB beams at gNB.
· Scheme 2: A set of SSBs are allocated for NCR using a same directional backhaul link. 

Another issue is that the NCR receives the DL/UL signals in one link and then transmit them in the other link. The amplifying and forwarding only happens in the RF units. And the time of the process delay is tens of nano seconds. The interference between transmitting beam and receiving beam could happen. It should be considered during the procedure of beam selections or beam management. 

Proposal 8: 
The interference between transmitting beams and receiving beams should be considered for the beam management of NCR.

2.3 Timing information to align transmission/reception boundaries of network-controlled repeater 

The NCR should have the knowledge when the amplifier should turn on and forward the data. The timing information to align the transmission or reception boundary is to facilitate this function and reduce any un-necessary amplifying and power consumption. The procedure could be observed in Figure 7. In the downlink transmission, the NCR should turn on before the DL signal arrival. Two options could be considered. 
· Option 1: the DL forwarding begins at the time when the gNB transmit the DL signals, which is the DL transmission timing of gNB.
· Option 2: the DL forwarding of NCR begins before the time of the DL signal arrived at the NCR. The NCR should reserve some time for the procedure of turning on.
The option 1 is very similar to the DL timing of IAB. And the option 2 is more concise but the timing for forwarding would be various according to the propagation delay between gNB and NCR.
In the uplink, there are also two options for the beginning time of forwarding of NCR.
· Option 1: The timing of uplink forwarding is aligned with the maximum TA of the access UEs under the NCR.
· Option 2: The timing of uplink forwarding is according to the TA of NCR itself and the process delay of power turning on.

Proposal 9:
It is observed that the forwarding timing of NCR in DL and UL could be multiple options according to different rules. It is proposed to be considered in the further studies.
· DL forwarding 
· Option 1: the DL forwarding begins at the time when the gNB transmit the DL signals, which is the DL transmission timing of gNB.
· Option 2: the DL forwarding of NCR begins before the time of the DL signal arrived at the NCR. The NCR should reserve some time for the procedure of turning on.
· UL forwarding 
· Option 1: The timing of uplink forwarding is aligned with the maximum TA of the access UEs under the NCR.
· Option 2: The timing of uplink forwarding is according to the TA of NCR itself and the process delay of power turning on.
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Figure 7 Illustration of DL and UL transmission/reception boundaries of NCR
Base on the basic procedure illustrated above, there are some detailed information may have impact to the timing or boundaries of the forwarding for the NCR. For example, how much is the process time for NCR turning from off to on. And how much additional time would be cost for forwarded signal inside the NCR. And whether the timing misalignment such as a gap between DL and UL at gNB could induce some issue for the NCR boundary determination.

Proposal 10: 
The detailed information, such as the transition time of on-off, process delay for the data forwarding and the gap between DL and UL slot at gNB, should be considered for the determination of forwarding boundary of NCR.

2.4 Information on UL-DL TDD configuration

The NCR should acquire the UL-DL TDD configuration to determine the forwarding direction for each transmission. But if the NCR could access the network as a normal UE, or the MT part of NCR could work as a normal UE, the NCR could acquire the TDD configuration from the system information of gNB. 

Proposal 11: 
TDD configuration is to facilitate the NCR to determine the forwarding direction for each transmission. But the TDD configuration could be acquired by NCR through gNB system information either as a normal UE or by the MT part of NCR.

The TDD configuration is broadcasted in the system information as the semi-static configuration. The dynamic TDD indication is carry by SFI in the DCI. It could change the uplink and downlink of the flexible slots or symbols dynamically. But the SFI is not widely used. Especially the dynamic DL and UL switching is not used in the Macro cells for the middle band. Since the dynamic switching between DL and UL are not used by the gNB, the motivation to introduce dynamic TDD into NCR is not strong.

Proposal 12:
The motivation to introduce dynamic TDD into NCR is not strong, since the dynamic TDD may not event used in the gNB which is the parent node of NCR.

2.4 ON-OFF information 

From our understanding, the resources used by NCR, mostly the time domain resources, are allocated by the gNB. For the resources that allocated to NCR, the NCR will amplify the signal power and forward to the target UEs. The other resources that are not indicated or allocated to the NCR will not be amplified and forwarded. And in those slots or the period, the NCR could be considered as OFF. In the OFF slots or the period, the NCR will not amplify or forward any signals.

There could be some high priority transmission and with low latency requirement, which needs to be transmitted through the NCR in a short time. But the semi-static configured NCR time domain resources may not satisfy this requirement. The gNB could dynamically indicate or allocate additional time resource to NCR for the transmission. 

Proposal 13:
The ON-OFF information could be the time domain resources allocated or indicated to NCR for amplifying and forwarding. In the allocated time domain resources, the NCR could be considered as in ON state. And for those periods not indicated to NCR, the NCR is in the “off” state.

2.5 Power control information 

The NCR is a repeater and could be also considered as a network node. From the perspective of a repeater, the amplifying gain should be controlled and adjusted to fit the using scenarios. Such as, the amplifying gain in the uplink could be reduced to lower the amplified noise. But the amplifying gain in the uplink should be also used as much as possible to reduce the transmit power of UEs which saves UE’s battery or utilize more frequency resource for better data rate. Similar as power control procedure, the amplifying gain control could also be divided to the open loop and close loop. For the open loop part, the amplifying gain could be stable to supplement the pathloss or enhance the coverage. The close loop part could be used for the fast adjustment of the amplifying gain according to the channel or other purposes. 

The NCR could also be considered as a network node and only the power control takes place. Theoretically, the power control and the amplifying gain control are the same. Both gain control or power control leads to different transmit power. From the perspective of power control, the downlink transmit power to the access UE could be fixed like gNB’s behavior. In the uplink, the transmit power could be as current UE power control to facilitate the multiplexing with other normal UEs. On the other side, since the power consumption is not a problem of the NCR, and NCR could reuse the radio unit of base stations, a higher and fixed power could be used for the NCR uplink. If the backhaul link between NCR and gNB is stable, e.g. the NCR is deployed in a higher position and with a LOS backhaul to the gNB, the motivation of close loop TPC is not strong. But if the NCR is located in a lower position, the close loop TPC could solve some dynamic impact to the backhaul link in the uplink.  

Proposal 14:
· Both amplifying gain control of the NCR and the power control could be considered for the NCR. But only one of the scheme should be focused in the study. 
· Both close loop and open loop of amplifying gain control and power control could be considered.

Conclusions
In this contribution, we discussed side control information of network-controlled repeater including the basic assumption of NCR working mode, beamforming information, timing information, TDD UL-DL configuration information, ON-OFF information and power control information. The proposals are as below.

Proposal 1: 
Define the link between gNB and NCR as backhaul link and the link between NCR and UE as access link for clear illustrations and facilitating further discussions. 

Proposal 2:
The protocol stacks of the MT part of NCR should contain RRC, MAC and physical layer to support the semi-static configuration and dynamic indications and feedbacks.

Proposal 3:
3 operation assumptions for the NCR have been observed as below. It is proposed that at least Assumption 1 is considered as the baseline for the NCR operation. If possible, discuss the feasibility of Assumption 2. 
· Assumption 1: MT part and RU part receive DL signals simultaneously but transmit UL signal in a TDM mode.
· Assumption 2: MT part and RU part receive DL signals simultaneously and transmit in UL simultaneously
· Assumption 3: MT part and RU part receive DL signals in a TDM mode and transmit in UL in a TDM mode. 

Proposal 4:
The beam of backhaul link should be controlled by gNB. The beam information of backhaul link should be delivered to the NCR in the side control information by gNB.  

Proposal 5:
Since the NCR only forwards the signals from the gNB and it does not have any information of UEs, the beam management for access UEs should be under the control of gNB. And the beam information of access link should be delivered to NCR in the side control information by gNB. 


Proposal 6: 
The NCR should at least report the number of beams that could provide a basic coverage for the access UE to facilitate the configuration of gNB for beam management.

Proposal 7: 
Both schemes have their own using scenarios and should be considered in the following studies.
· Scheme 1: The NCR only forwarded the qualified SSBs without the change of SSB beams at gNB.
· Scheme 2: A set of SSBs are allocated for NCR using a same directional backhaul link. 

Proposal 8: 
The interference between transmitting beams and receiving beams should be considered for the beam management of NCR.

Proposal 9:
It is observed that the forwarding timing of NCR in DL and UL could be multiple options according to different rules. It is proposed to be considered in the further studies.
· DL forwarding 
· Option 1: the DL forwarding begins at the time when the gNB transmit the DL signals, which is the DL transmission timing of gNB.
· Option 2: the DL forwarding of NCR begins before the time of the DL signal arrived at the NCR. The NCR should reserve some time for the procedure of turning on.
· UL forwarding 
· Option 1: The timing of uplink forwarding is aligned with the maximum TA of the access UEs under the NCR.
· Option 2: The timing of uplink forwarding is according to the TA of NCR itself and the process delay of power turning on.

Proposal 10: 
The detailed information, such as the transition time of on-off, process delay for the data forwarding and the gap between DL and UL slot at gNB, should be considered for the determination of forwarding boundary of NCR.

Proposal 11: 
TDD configuration is to facilitate the NCR to determine the forwarding direction for each transmission. But the TDD configuration could be acquired by NCR through gNB system information either as a normal UE or by the MT part of NCR.

Proposal 12:
The motivation to introduce dynamic TDD into NCR is not strong, since the dynamic TDD may not event used in the gNB which is the parent node of NCR.

Proposal 13:
The ON-OFF information could be the time domain resources allocated or indicated to NCR for amplifying and forwarding. In the allocated time domain resources, the NCR could be considered as in ON state. And for those periods not indicated to NCR, the NCR is in the “off” state.
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