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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on network-controlled repeater (NCR) was approved in RAN#97-e with following features involving RAN1[1]. The RAN1#110-bis-e and RAN#111 discussed various aspects and made several agreements [2], [3].
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:
Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.
Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


[bookmark: _Ref129681832]In this contribution, we provide our views on signaling of side control information (SCI) to NCR and the behavior of NCR.
Signalling beam indication to NCR 
Regarding the signalling of beam information, following agreements were made in RAN#111:

	Agreement
For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
· A list of X () forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of , other details
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication
The same reference SCS is assumed for all time resource(s) in one periodic beam indication.
Agreement
For each aperiodic beam indication for access link, one DCI is used with the information defined by 
Option-1: 
·  fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
· FFS: The value of  
· Down-select between or .
· FFS: How to define the association between time indication and beam indication
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.


Periodic beam indication
For the periodic beam indication, the Xmax depends on the periodic signal transmitted. For example, the maximum number of SSBs in one half-frame depends on the frequency range, i.e., 64 in FR2, 8 in FR1, and so on. 
[bookmark: _Hlk127267493]Observation 1: Xmax depends on the periodic data/signal forwarded and therefore also on the frequency range.
Proposal 1: Xmax is different for different frequency range.
· Xmax = 64, for FR2
· Xmax = 8, for FR1
From the agreement, periodic beam indication is given for a duration of time, and the indication comprises a set of beams and associated time resource, where each beam is activated in the corresponding time resource. Further, the same (beam index, time resource) pattern is repeated after the duration of indication. Therefore, the periodicity is same as the duration of the indication. Further, the slot offset associated with the time resource is applied starting from the first slot in the duration of the indication. Therefore, the duration of indication or the periodicity should be defined in terms of number of slots.



Observation 2: Periodic beam indication is given for a duration of time, defined by periodicity
Proposal 2: The slot offset associated with the time resource of periodic beam indication is applied starting from the first slot in the duration of indication
Proposal 3: The periodicity associated with the periodic beam indication is configured in terms of number of slots 
Aperiodic beam indication
For the aperiodic beam indication, the NCR should be indicated the beam indices to be activated and the time resources to activate the beam indices. In the worst case, each beam index has to be activated in different time instances. Hence, the number of fields needed to indicate time resource should be equal to the number of beam indices indicated, i.e., Tmax=Lmax.   
Proposal 4: For the aperiodic beam indication, support Tmax = Lmax
Further, the gNB should indicate the mapping between beam index and time resource to the NCR. Clearly, there should be one-to-one mapping between the beam index field and the time index field. The list of Lmax fields should be one-to-one mapped with the Tmax fields. 
Proposal 5: Support one-to-one mapping association between the list of Lmax fields and Tmax fields.
Further, the NCR will apply time offset, defined by slot offset and symbol offset in the time resource, from the slot in which the last symbol of DCI, carrying aperiodic beam indication, is received.  
Proposal 6: The NCR apply the time offset starting from the slot in which the last symbol of DCI, carrying aperiodic beam indication, is received. 
Semi-persistent beam indication
As per the agreement of periodic beam indication, RRC configures a resource list comprising, beam index and time resource, where the content of time resource is same as that of periodic beam indication. Further, RRC configures a periodicity value for the resource list.
Now, there can be multiple such lists configured by RRC for different types of periodic data/signals to be forwarded, where each list has a different periodicity. For semi-persistent beam indication, one resource list out of the configured set of lists can be activated by MAC-CE signalling.
The maximum number of lists configured is dependent on the different types of periodic data/signals sent and hence no the different periodicity values configured.
Proposal 7: A set of Y(1 < Y < Ymax) indications is configured by one RRC signaling. 
· Each indication in the set corresponds to a list of X (1 < X < Xmax) forwarding resource, each is defined as {Beam index, time resource}
· Corresponding to each list, a periodicity is configured by RRC signalling.
· One MAC CE is used to select one of Y indications from the list
· The value of Ymax is dependent on the number of periodicities to be configured

Beam correspondence and UE connection ambiguity
Following agreements were made in RAN1#109-e and RAN1#110bis-e meetings regarding access link beam correspondence:

	Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd

Agreement
Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.



Based on the above WA, beam correspondence is assumed in access link at NCR-Fwd. This beam correspondence is achieved when UE establishes a connection with gNB via NCR. The UEs measure on the SSBs forwarded by the NCR and report the measurements using PRACH to gNB through NCR, based on which the gNB establishes connection with the UE. Now, there can be an ambiguity when a UE tries to establish connection with gNB through NCR. Consider the scenario in Fig. 3: A gNB is broadcasting n SSBs beams in its coverage area and indicating the NCR to forward the signals at the respective time resources using beam-indication in its own coverage area. There are two UEs, one in the coverage area of gNB but not the NCR, and the other in the coverage area of NCR. Both these UEs report the measurements for SSB-k. However, the SSB-k transmitted by gNB and the SSB-k forwarded by NCR can be in a different angular direction, i.e., the beam index is different for gNB and NCR for the same SSB-k transmitted. Even if the connection with both the UEs is established, the gNB has no way of knowing where the UEs are located, and hence the subsequent UE-dedicated transmissions may not be on the correct beams and result in performance degradation or wastage of resources. To resolve this issue, one potential way is to allocate a dedicated set of SSBs for the NCR-Fwd to be forwarded in the access link. This set has different SSBs than the SSBs forwarded by the BS to UEs in its own coverage region. Another potential solution is to multiplex the SSB measurement reports through NCR-Fwd and without NCR-Fwd in time domain. This can be achieved using ON-OFF indication for NCR-Fwd.

Fig. 3: UE connection ambiguity problem

Observation 3: Forwarding SSBs through NCR results in UE connection ambiguity at the gNB. 
Proposal 8: Following methods are proposed to tackle the UE connection ambiguity problem:
Alt 1: Using a dedicated set of SSBs for forwarding by the NCR-Fwd
Alt 2: Multiplex the SSB measurement reports through NCR-Fwd and without NCR-Fwd in time domain.

Other issues related to beam indication:
Conflict arises at the NCR when gNB indicates multiple beams for the same time resource. E.g., An NCR, without simultaneous beamforming capability, is configured by periodic beam indication to activate beam 1 in a time resource and receives aperiodic indication to activate beam 3 in the same time resource. Mechanism to overcome conflict is necessary in such cases. The priority of beam indication depends on the signal/channel NCR-Fwd is forwarding using the indication. For e.g., if the beam indication is for forwarding signals like SSB or RACH, then those indications should be prioritized. The gNB indicating priority of the beam configuration along with the beam indication is supported.
Observation 4: Priority of a beam indication depends on the signal/channel forwarded by NCR-Fwd using the beam
Proposal 9: gNB signaling priority of beam configuration along with beam indication is supported.
After receiving the beam configuration from gNB, the NCR has to process the SCI and beamform in access link according to the configuration. The time required for processing depends on the capability of NCR. Further, the time needed to apply the beam configuration and start transmission/reception in access link also depends on the DL/UL switching delay, which again depends on the capability of NCR. Therefore, the start time, defined by slot offset and symbol offset associated with the time resource, depends on capability of NCR. Hence, the NCR report processing delay and DL-UL switching delay as capability to gNB, based on which the gNB determines start time and signal it to the NCR.
Observation 5: Start time associated with the beamforming configuration depends on capability of NCR (e.g., processing delay and DL-UL switching delay at NCR)
Proposal 10: Support NCR reporting processing delay and DL-UL switching delay as capability to gNB

Signalling ON/OFF indication to NCR 
Regarding the signalling of on/off information, following agreements were made in RAN#111 and RAN1#110:
	Agreement
For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))

Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd

Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.



Based on the agreement, OFF state is a kind of default state for the NCR. However, explicit dynamic indication of OFF state is advantageous in certain scenarios. The explicit dynamic indication of OFF can be used by the gNB to configure NCR to skip certain beam configuration. E.g., gNB semi-statically configured NCR to activate a beam periodically for access link, say for forwarding SSB. In that case explicit dynamic indication of OFF can be used to configure NCR to skip beamforming in certain periodic occasions. Therefore, the dynamic OFF configuration helps in energy saving at NCR. Further, explicit indication ensures proper understanding between gNB and NCR, avoids uncertainty and improves flexibility in configuring NCR. E.g., during BFD/BFR of C-link, the behaviour of NCR-Fwd is uncertain. Keeping a fixed implicit OFF behaviour may not be suitable during BFD/BFR of C-link always. However, the dynamic OFF in such scenarios can help to turn OFF the NCR-Fwd for certain time resources. Further, the dynamic OFF configuration for NCR helps in interference management as well. E.g., the NCR is configured with n beams in periodic indication. However, in certain m beam directions out of n (m < n), there are no active UEs of current cell, but there are other UEs of neighboring cell in that direction. The gNB can indicate dynamic OFF for the time resources corresponding to those m beams. Hence, the interference is reduced in those directions for those respective time resources. Further, OFF indication is helpful in overcoming the UE ambiguity issue discussed in the previous section.
Observation 6: Explicit indication of OFF state has the following advantages 
· Helps in configuring NCR to skip certain beam indication
· Avoids uncertainty and ensures proper understanding between gNB and NCR 
· Helps decide NCR-Fwd behaviour during BFD/BFR of C-link
· Improves flexibility in configuring NCR
· Helps in energy saving and interference management
· Helps to avoid UE connection ambiguity issue.
Proposal 11: Support explicit dynamic indication of OFF state to NCR

Modes of operation and Active unit/link at NCR
Regarding multiplexing of signals in C-link and backhaul link, following agreements were made in RAN1#109-e [4] and RAN1#110-bis-e [2]
	Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability
Agreement
The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link


Based on the agreements, the C-link and backhaul link can operate in simultaneously or in TDM manner in DL. For UL, the TDM between C-link and backhaul link is default and simultaneous operation is subject to capability of NCR. Therefore, the following modes of operation can arise at NCR
1. Only NCR-MT is active 
2. Only NCR-Fwd is active 
3. Both NCR-MT and NCR-Fwd are active simultaneously
Further, the BS can schedule NCR-MT and NCR-Fwd at different time instances due to network condition even if the NCR is capable of simultaneous operation. To support these cases, the gNB, in addition to providing the TDD configuration, should specify to which links the TDD configuration is applicable. Otherwise, NCR may unnecessarily monitor the link which is not active. For e.g., gNB has configured slot n as DL for NCR. The NCR should know whether the DL is for C-link, backhaul link or both. The gNB can explicitly signal the active unit/links to the NCR as SCI or NCR can derive the active unit/link implicitly based on its capability and other control information signalled by the gNB.
Observation 7: Following modes of operation are supported at NCR
1. Only NCR-MT is active 
2. Only NCR-Fwd is active 
3. Both NCR-MT and NCR-Fwd are active simultaneously
Proposal 12: Support gNB informing explicitly/implicitly the active unit/link (C-link, backhaul link or both) to the NCR. 
Timing and guard information
Multiple transmissions and receptions are possible at NCR in C-link, backhaul link and access link. E.g., if all three links of NCR support DL and UL, total of 6 operations are possible at NCR. The following agreements were made in RAN1# 109-e and RAN1#110 regarding timing of various operations at NCR
	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
· For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay 



[bookmark: _Hlk110332791]Based on the above agreements, timing of DL-Rx and UL-Tx at NCR-Fwd is aligned with DL-Rx and UL-Tx at NCR-MT, respectively. Further, the NCR-Fwd acts as an amplify and forward unit that receives signals from gNB (or UE) and transmits to UE (or gNB) after an internal delay. Fig. 4 illustrates the timing of various transmission and reception operations at NCR, where T1 is the propagation delay between gNB and NCR, T2 denote the propagation delay between NCR and UE, and Tp denotes the internal delay at NCR. The gNB requires the value of internal delay at NCR to ensure the synchronization accuracy across nodes less than 3 µs. Further, various operations at NCR happens at different timings that can lead to overlap between operations. E.g., DL-Tx from NCR-Fwd in a slot can overlap with DL-Rx at NCR-MT in subsequent slot by a factor proportional to Tp. The gNB should insert guard symbols to avoid overlap between the operations at NCR, which further requires knowledge of internal delay at gNB.
[bookmark: _Hlk110332804]
[bookmark: _Hlk110332829]Fig. 4: Timing of transmissions and receptions at NCR
Proposal 13: Support NCR signaling internal delay to gNB.
Observation 8: Propagation delays and internal delay lead to overlap between operations at NCR.
Proposal 14: Support gNB inserting guard symbols at NCR.
Conclusion
The following observations and proposals are made in this contribution:
Observation 1: Xmax depends on the periodic data/signal forwarded and therefore also on the frequency range.
Proposal 1: Xmax is different for different frequency range.
· Xmax = 64, for FR2
· Xmax = 8, for FR1
Observation 2: Periodic beam indication is given for a duration of time, defined by periodicity
Proposal 2: The slot offset associated with the time resource of periodic beam indication is applied starting from the first slot in the duration of indication
Proposal 3: The periodicity associated with the periodic beam indication is configured in terms of number of slots 
Proposal 4: For the aperiodic beam indication, support Tmax = Lmax
Proposal 5: Support one-to-one mapping association between the list of Lmax fields and Tmax fields.
Proposal 6: The NCR apply the time offset starting from the slot in which the last symbol of DCI, carrying aperiodic beam indication, is received. 
Proposal 7: A set of Y(1 < Y < Ymax) indications is configured by one RRC signaling. 
· Each indication in the set corresponds to a list of X (1 < X < Xmax) forwarding resource, each is defined as {Beam index, time resource}
· Corresponding to each list, a periodicity is configured by RRC signalling.
· One MAC CE is used to select one of Y indications from the list
· The value of Ymax is dependent on the number of periodicities to be configured
Observation 3: Forwarding SSBs through NCR results in UE connection ambiguity at the gNB. 
Proposal 8: Following methods are proposed to tackle the UE connection ambiguity problem:
Alt 1: Using a dedicated set of SSBs for forwarding by the NCR-Fwd
Alt 2: Multiplex the SSB measurement reports through NCR-Fwd and without NCR-Fwd in time domain.
Observation 4: Priority of a beam indication depends on the signal/channel forwarded by NCR-Fwd using the beam
Proposal 9: gNB signaling priority of beam configuration along with beam indication is supported.
Observation 5: Start time associated with the beamforming configuration depends on capability of NCR (e.g., processing delay and DL-UL switching delay at NCR)
Proposal 10: Support NCR reporting processing delay and DL-UL switching delay as capability to gNB
Observation 6: Explicit indication of OFF state has the following advantages 
· Helps in configuring NCR to skip certain beam indication
· Avoids uncertainty and ensures proper understanding between gNB and NCR 
· Helps decide NCR-Fwd behaviour during BFD/BFR of C-link
· Improves flexibility in configuring NCR
· Helps in energy saving and interference management
· Helps to avoid UE connection ambiguity issue.
Proposal 11: Support explicit dynamic indication of OFF state to NCR
Observation 7: Following modes of operation are supported at NCR
4. Only NCR-MT is active 
5. Only NCR-Fwd is active 
6. Both NCR-MT and NCR-Fwd are active simultaneously
Proposal 12: Support gNB informing explicitly/implicitly the active unit/link (C-link, backhaul link or both) to the NCR. 
Proposal 13: Support NCR signaling internal delay to gNB.
Observation 8: Propagation delays and internal delay lead to overlap between operations at NCR.
Proposal 14: Support gNB inserting guard symbols at NCR.
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