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1 Introduction
This contribution provides our views on the remaining aspects of the following objective from the NCR WID:
· 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.

2 Beamforming Information
In this section, we discuss the following aspects related to beamforming information.
· time domain resource indication
· application delay
· multi-beam operation
· FR1 NCR beamforming
2.1. Time Domain Resource Indication
RAN1#111 agreed to the following for the aperiodic 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.



We have the following proposal to address the remaining FFS items. 

Proposal 1
Support a one-to-one mapping between time indications and beam indications in a DCI carrying access-link beam indication (i.e.,  =[4 or 8]). 

2.2. Application Delay
NCR would require some minimum delay to apply an indicated beamforming information. For the backhaul link (and if adaptive beam is supported), we can just reuse the legacy TCI state switching delay framework (as specified in 38.133). The same framework can also be used for the access link beamforming indication.

Proposal 2
Reuse the legacy TCI state switching delay framework (as specified in 38.133) for application latency of NCR’s access link and backhaul link beamforming indications. 

2.3. Multi-beam Operation
A repeater may be able to simultaneously use two or more beams on its access links. For example, a repeater may be equipped with two antenna arrays on the access side that can simultaneously forward DL signals in two directions and/or receive UL signals from two directions. The repeater my further be able to forward different sub-bands/passbands in different beam directions.

Observation 1
A repeater may be equipped with multiple antenna arrays on its access side, and able to simultaneously transmit (or receive) signals on two or more beam directions.
The repeater may further be able to filter different sub-bands/passband and forward them in different beam directions.

Proposal 3
Support an optional capability of multi-beam forwarding, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.
· NCR may further be able to filter different sub-bands/passbands and forward them in different beam directions.

2.4. Discussion on FR1 NCR Beamforming
As discussed in [2], NCR for FR1 would have multiple RF chains to support MIMO/beamforming and there could be unknown phase errors ( in Figure 1) on the chains, which would result in uncontrollable beamforming directions. In order to compensate such unknown phase errors and apply an accurate beamforming, it is important to set proper phase shift values ( in Figure 1) in FR1 multi-chain NCR.
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[bookmark: _Ref118230955]Figure 1: Multi-Chain NCR for FR1
[bookmark: _Hlk127363132]Figure 2 shows the throughput performance degradation due to uncalibrated phase errors. In the evaluation, static phase errors uniformly distributed in  are applied in case of uncalibrated NCRs. Other evaluation assumptions are given in Appendix. Based on the results, it is observed that NCR can provide higher throughput gain compared to the case without NCR, increasing the number of antennas which can provide higher NCR beamforming gain. However, uncalibrated phase errors can significantly degrade the throughput performance, e.g., 28.7% throughput loss is observed in case of 8 antennas. 
[image: ]
[bookmark: _Ref127363313]Figure 2: FR1 NCR median throughput performance subject to the phase calibration
Observation 2
A larger number of NCR antennas can provide higher performance gain compared to the case without NCR. However, uncalibrated phase errors can significantly degrade the throughput performance, e.g., 28.7% throughput loss is observed in case of 8 NCR antennas
Proposal 4
[bookmark: _Hlk127455070]Consider NCR phase control/calibration aspects for NCR-Fwd’s information signaling. 
3 ON-OFF Information
The following was agreed in RAN#111:
	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



The above agreement is about the ON state indication. Regarding OFF state indication, we had the following earlier agreement:
	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.



The above agreement can be interpreted as an implicit OFF state indication. That is, over time domain resources where NCR has not received any beamforming/ON indication, NCR-Fwd is expected to be OFF. However, it still remains to discuss whether we also need to support an explicit OFF indication. 
Let us assume that the NCR-Fwd may have been indicated to use a beamforming configuration within a semi-statically configured set of time resources, and hence would be ON within those resources. However, the network may desire to “cancel” NCR-Fwd’s operation within some of these time resources (e.g., to accommodate another higher priority communication with another UE). In this case, it is beneficial to have an explicit “OFF” indication to support “cancelation”.
In terms of signaling, the beam indication signaling can be leveraged to support explicit OFF indication. That is, an access link beam index 0 may be interpreted as “NCR-Fwd OFF”.  

Observation 3
Explicit OFF indication is needed to support “cancelation” of a previously (e.g., semi-statically) configured NCR-Fwd’s operation.

Proposal 5
Support explicit OFF state indication via leveraging the beamforming indication framework. An access link beam index (say 0) can be reserved and used for indicating OFF state.

As discussed in Rel-17 and captured in 38.106, a repeater may support operating in multiple passbands (consecutive or non-consecutive). 
	Passband: The frequency range in which the repeater operates in with operational configuration, this frequency range can correspond to one or several consecutive nominal channels, if they are not consecutive each subset of channels shall be considered as an individual passband, a repeater can have one or several passbands, all channels within the passband(s) shall belong to a single operator or collaborating operators.



First, for proper interoperability, it is beneficial for NCR to report information about its operating passband related configurations. This is further discussed in our companion paper [1].  
Furthermore, a repeater supporting multiple passbands may have the capability to selectively forward signals in different passbands. If so, such a capability can be utilized by the network to more efficiently (e.g., in terms of interference or power consumption) configure NCR operation – e.g., by instructing the repeater not to forward the signal in a passband for a duration of time. This is effectively equivalent to turning OFF the repeater in the corresponding passband and time duration. 

Observation 4
A repeater, supporting operating on multiple passbands, may support selective forwarding across the supported passbands. This capability can be leveraged by the network for more efficient forwarding operation (e.g., in terms of interference or power consumption). 

Proposal 6
Support frequency-selective forwarding (or frequency-selective OFF indication).
4 Conclusion
In this contribution, we provided our views on NCR’s side control information. The following observations and proposals are made. 
--- beamforming information ---
Proposal 1
Support a one-to-one mapping between time indications and beam indications in a DCI carrying access-link beam indication (i.e.,  =[4 or 8]). 
Proposal 2
Reuse the legacy TCI state switching delay framework (as specified in 38.133) for application latency of NCR’s access link and backhaul link beamforming indications. 
Observation 1
A repeater may be equipped with multiple antenna arrays on its access side, and able to simultaneously transmit (or receive) signals on two or more beam directions.
The repeater may further be able to filter different sub-bands/passband and forward them in different beam directions.
Proposal 3
Support an optional capability of multi-beam forwarding, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.
· NCR may further be able to filter different sub-bands/passbands and forward them in different beam directions.
Observation 2
A larger number of NCR antennas can provide higher performance gain compared to the case without NCR. However, uncalibrated phase errors can significantly degrade the throughput performance, e.g., 28.7% throughput loss is observed in case of 8 antennas
Proposal 4
Consider NCR phase control/calibration aspects for NCR-Fwd’s information signaling. 

--- ON-OFF information ---
Observation 3
Explicit OFF indication is needed to support “cancelation” of a previously (e.g., semi-statically) configured NCR-Fwd’s operation.
Proposal 5
Support explicit OFF state indication via leveraging the beamforming indication framework. An access link beam index (say 0) can be reserved and used for indicating OFF state.
Observation 4
A repeater, supporting operating on multiple passbands, may support selective forwarding across the supported passbands. This capability can be leveraged by the network for more efficient forwarding operation (e.g., in terms of interference or power consumption). 
Proposal 6
Support frequency-selective forwarding (or frequency-selective OFF indication).
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6 Appendix: Evaluation Assumptions
	Parameters
	NCR turned OFF (baseline)
	NCR turned ON

	Layout
	Macro layer
Hex. grid w/ 21 sectors
	Macro layer
Hex. grid w/ 21 sectors
NCR layer
Avg. 2 NCR per sector

	Inter-node distance
	ISD: 500m
BS-UE: >=35m
	ISD: 500m
BS-UE: >=35m
BS-NCR:>=200 m
NCR-NCR:>=40m
NCR-UE:>=10m

	Sys. BW @ carrier freq.
	10 MHz @ 3.5 GHz
	10 MHz @ 3.5 GHz

	Antenna height
	gNB: 25 m
UE: 1.5 m
	gNB: 25 m
UE: 1.5 m
NCR: 10 m 

	UE distribution
	12 UEs / sector, 100% outdoor
(1/3 uniform, 2/3 in NCR cvg.)
	12 UEs /sector, 100% outdoor
(1/3 uniform, 2/3 in NCR cvg.)

	Antenna array
	gNB : 128 elements, ±45° x-pol
(M, N, P, MTXRU, NTXRU) = (8, 8, 2, 1, 8) 
dH = 0.5λ, dV = 0.8λ
UE : 4 elements, 0°/90° pol
(M, N, P, MTXRU, NTXRU) = (2, 1, 2, 2, 1)
dV = 0.5λ

	gNB : 128 elements, ±45° x-pol
(M, N, P, MTXRU, NTXRU) = (8, 8, 2, 1, 8) 
dH = 0.5λ, dV = 0.8λ
UE : 4 elements, 0°/90° pol
(M, N, P, MTXRU, NTXRU) = (2, 1, 2, 2, 1)
dV = 0.5λ
NCR : {2,4,8,16,32} elements, 0°/90° pol
(M, N, P, MTXRU, NTXRU) = (1, N, 2, N), N{1,2,4,8,16}
dH = 0.5λ, dV = 0.5λ

	Antenna pattern
	gNB/UE : TR 38.901
	gNB/UE	: TR 38.901
NCR*: HPBW 80°, 14 dBi gain

	Channel
model
	gNB to UE : UMa
	gNB to UE: UMa
gNB to NCR: UMa (LOS*)
NCR to UE: Umi


* 26 dB blockage is assumed for UEs dropped in NCR coverage
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