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1 Introduction
This contribution provides our views on the remaining aspects of NCR’s side control information.
Section 2 discusses side control information. Section 3 provides our view on multiplexing NCR-MT’s and remote UE’s signals.
Our companion contribution [1] discusses L1/L2 signalling design and related configurations.

2 Side Control Information
RAN1#109e discussed NCR’s side control and came up with a few agreements and recommendations. The simplified model, as shown in Figure 1, was also agreed as a reference for further discussions. In what follows, we discuss our views on the remaining aspects. 
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[bookmark: _Ref110857239]Figure 1 NCR simplified model

2.1. Beamforming information 
As shown in Figure 1, NCR-Fwd communicates on two links; access link and backhaul link. RAN1#119e discussed NCR-Fwd’s beamforming configurations for both links.
For the access link (towards the UE), RAN1 already agreed to the following:
· Beam information as a side control info is beneficial and recommended, at least for FR2.
· Both fixed beam and adaptive beam can be considered.
· Both the dynamic indication and semi-static indication can be considered.
It remains to study more detailed mechanisms for the indication of the access link beamforming information. This is the subject of the other agenda item (i.e., 9.8.2) and discussed in our companion contribution [1]. 

Proposal 1
RAN1 to discuss detailed mechanisms to indicate the NCR’Fwd’s beamforming information for the access link in 9.8.2. The design should support both dynamic and semi-static indications.

Another related aspect is about the capability of a repeater that 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. We suggest RAN1 to consider such an implementation and study the impact on the required signaling. 

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. 

Proposal 2
RAN1 to consider multi-beam NCR operation, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.

 For the backhaul link (towards the gNB), RAN1 agreed to the following:
· Both fixed beam and adaptive beam can be considered.
· As baseline, the same TCI states as control link (NCR-MT’s) are assumed for beams at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
[bookmark: _Hlk110844437]Given the above baseline, it is still FFS whether additional indication from gNB is needed to determine the beam at NCR-Fwd for backhaul link or NCR can implicitly determine its backhaul beamforming configuration. 

Following the legacy procedures, the gNB will be able to dynamically indicate which beam NCR-MT should use for its upcoming DL RX or UL TX (e.g., via TCI state ID or SRI in DCI). Similarly, it seems reasonable and beneficial for the gNB to be able to dynamically indicate which beam NCR-Fwd should use on its backhaul link for an upcoming TX or RX. Without receiving any indication, NCR-Fwd cannot determine whether/how it needs to change its TX/RX beam. Moreover, dynamic indication of NCR-MT’s beam (e.g., via TCI/SRI in DCI) may not always be available for NCR-Fwd to use, because those indications are provided only when NCR-MT is scheduled to receive a DL channel or transmit an UL signal. Hence, we propose to support additional indication to NCR-Fwd to indicate the beamforming information for the backhaul link.
   
Observation 2
NCR-MT’s TX/RX beams (e.g., TCI and/or SRI) may be dynamically changed only when NCR-MT receives a DL or UL grant. NCR-Fwd’s operation is expected to be more frequent than and not necessarily linked to NCR-MT’s DL/UL channels (other than the side control). Hence, without new indications from gNB, NCR cannot support flexible and adaptive NCR-Fwd’s backhaul beamforming.  

Proposal 3
Support additional indication from gNB to determine the beam at NCR-Fwd for backhaul link. 
· The indication should support dynamic beamforming.
· RAN1 to discuss the detailed indication mechanisms in 9.8.2.  

2.2. Information on UL-DL configuration
RAN1#109e agreed to the following
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.



Based on the above agreement, and assuming an in-band operation, NCR-MT’s knowledge of TDD UL/DL configuration can be used for NCR-Fwd as well. Such knowledge could be via any available means as discussed in 38.213, section 11.1 (Slot configuration) – e.g., using tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, SFI, etc. 

Proposal 4
For in-band operation, NCR uses the slot format, acquired by NCR-MT via the legacy mechanisms (as discussed in 38.213 section 11.1), for its NCR-Fwd’s operation.

However, there may still be some symbols/slots that NCR-MT assumes as “flexible”. The question is in which direction (UL or DL) the NCR-Fwd should forward the signals in case it is scheduled to be ON and active during such flexible resources.  Therefore, we propose to support an optional dynamic indication of the TDD UL/DL state, along with other side control info, for NCR-Fwd’s operation.

Observation 3
There could be “flexible” resources in the slot format configuration acquired by NCR-MT. There should be no ambiguity about which direction (UL or DL) the NCR-Fwd should forward the signals within these resources. 

Proposal 5
Support an optional indication of the TDD UL/DL state, along with other side control info, for an NCR-Fwd’s operation.

2.3. ON-OFF information
RAN1#109e agreed to the following:
· ON-OFF information is beneficial and recommended
· Two options can be considered to indicate the ON-OFF information:
· Option 1: Explicit indication with on-off state or on-off pattern
· Option 2: Implicit indication via the signalling for other information
· Both dynamic and semi-static indication can be considered

In the baseline operation, NCR-Fwd should remain OFF, unless indicated otherwise by gNB. If NCR-Fwd is to be ON and active within some time periods, it should be provided with other side control information (e.g., at least the NCR-Fwd’s beamforming information for the access link) by gNB for those periods. The same indication from gNB automatically serves the purpose of turning ON the repeater. Also lack of an instruction (side control) from the gNB effectively means that NCR-Fwd should be OFF.  

Observation 4
In the baseline operation, The NCR-Fwd should remain OFF, unless instructed by gNB to become ON.
gNB provides NCR with an indication of the required side control info, e.g., access beamforming info, for the time periods NCR-Fwd should be ON and active. Such an indication will effectively turn ON the repeater. Also, the lack of such an indication means NCR-Fwd should be OFF. 

As discussed in Rel-17 and captured in 38.106, a repeater may support operating in multiple passbands (consecutive or non-consecutive). 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 5
A multi-band 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
There may not be a need to support explicit indication of ON-OFF information. 
· FFS: support frequency-selective forwarding (or frequency-selective ON-OFF information).

2.4. Power control information 
We should note that the TX power of a repeater could be subject to (a) a max output TX power, and (b) a max amplification gain. That is, even without any side control from the gNB, NCR-Fwd may attempt to set its output power as follows (also in Figure 2),

[image: ]
[bookmark: _Ref110857907]Figure 2 NCR output power (gain-limited vs TX power-limited regions)
We note that it is not energy-efficient to operate in the TX power-limited region. That is, the transmitter (i.e., gNB in DL, and UE in UL) could ideally reduce its TX power with no/low impact on the received strength/quality at the receiver (i.e., UE in DL, and gNB in UL). 
Moreover, in DL, the total output TX power of gNB may increase by the occupied BW (e.g., assuming a uniform PSD). For larger RB allocations and if NCR already operates in TX power-limited region, NCR will need to share the same output power across all occupied RBs. This will lead to reduced effective EPRE (energy per RE) in DL. This may particularly be undesirable on DL symbols that carry DL-RS (such as SSBs, CSI-RS), because it may lead to a variable TX power of such DL-RSs forwarded by NCR.
Given above, it is important for the gNB to determine the operating region of NCR (gain-limited vs TX power-limited as in Figure 2), and accordingly adjust DL/UL TX power and/or RB allocation, if needed. This can be facilitated via simple reports by NCR.

Observation 6
Repeater’s output power may be subject to (a) a max TX power, and (b) a max amplification gain. Therefore, depending on the level of input power, the repeater may operate in one of gain-limited or TX power-limited regions.

Observation 7
Operation in the TX power-limited region may not be energy-efficient. That is in this region, the transmitter (i.e., gNB in DL, and UE in UL) could potentially reduce its TX power (and hence reduce its power consumption or improve its energy efficiency) with limited impact on the strength/quality of the signal received by the receiver (i.e., UE in DL, and gNB in UL).

Observation 8
In the TX power-limited region, the effective output power per RB reduces for larger RB allocations. This is particularly undesirable, when forwarding DL symbols that carry DL-RS (e.g., SSB or CSI-RS).

Proposal 7
gNB should be able to determine the NCR’s output power operating region (gain-limited vs TX power-limited) for both backhaul and access links.
· FFS: support assistance information from NCR.

For a more flexible and efficient operation, it is also desirable to support NCR-Fwd’s TX power adaptation under the network’s control. This will enable the gNB to reduce interference and power consumption at the repeater, gNB and/or UEs. 

Proposal 8
RAN1 to support NCR-Fwd’s power control information as side control information.

2.5. Timing information to align TX/RX boundaries
RAN1#109e agreed to the following
	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

Conclusion
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT



There is an FFS item about the internal delay of the repeater. Figure 3 shows the TX/RX timings of UL and DL signals and the impact of NCR’s internal delay, denoted by group delay TGD. Group delay can be in the order of 10(s) nsec or more depending on the architecture and implementation of the repeater.
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[bookmark: _Ref102016359]Figure 3 TX/RX timing references

In the downlink, the assumption is gNB’s DL TX timing is selected/fixed irrespective of NCR’s operation, and NCR immediately forwards the rxed DL signals. So, the DL transmitting timing of the NCR-Fwd is equal to DL receiving timing plus the internal delay (TGD).
From the remote UE’s perspective, the extra internal delay shows up as part of the effective end-to-end propagation delay and cannot be differentiated from other delay components such as the propagation delays on the backhaul and access links.  
In the uplink, the NCR-Fwd aligns its UL transmission timing with that of NCR-MT. However, to accommodate the repeater’s internal delay, NCR-Fwd should set is UL RX timing at least TGD before the UL transmission timing.  One may argue NCR may not exactly know its internal delay. In this case, the repeater can utilize the available guard periods to open its UL forwarding window wide enough to fully capture UE’s UL signal (Figure 4). 
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[bookmark: _Ref102017828]Figure 4 UL forwarding window

Observation 9
NCR may leverage the available guard periods and knowledge of its internal delay to properly set its UL receive timing.

4 Multiplexing NCR-MT’s and UE’s Signals
During R1#109e there were discussions about how the DL/UL signals of NCR-MT may be multiplexed with the remote UEs’ DL/UL signals being forwarded by the NCR-Fwd. 
In the baseline, NCR-MT’s and NCR-Fwd’s operation can be TDMed. That is, in the time resources where NCR-MT is receiving DL or transmitting UL from/to gNB, NCR-Fwd is not active. 
The question is whether more efficient multiplexing (e.g., FDM) can be adopted. (Figure 5)
In downlink, gNB may FDM NCR-MT’s DL (e.g., the side control) with remote UE’s DL signal (to be forwarded by NCR-Fwd). In this case, while NCR-Fwd forwards the received (wideband) DL signal towards the UE, NCR-MT may extract and process its allocated RBs.
In uplink, gNB may grant different RBs, in the same symbols, for the NCR-MT’s and remote UE’s UL transmissions and effectively FDM the two signals. In this case, the generated UL signal by the NCR-MT should be combined with the received UL signal from the UE (after amplification), and the combined signal will be sent from the NCR towards gNB. 
We first note that whether NCR supports FDMing DL/UL can be an NCR’s capability. Moreover, for FDM UL, more care is needed at least in terms of power configurations of NCR-MT’s and remote UE’s UL signals. More specifically, (1) a large power mismatch between the two signals should be avoided, (2) NCR may need to share its total power between the two signals and hence power sharing mechanisms may need to be supported. 
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[bookmark: _Ref111033095]Figure 5 Multiplexing NCR-MT's and remote UE's signals

Proposal 9
As a baseline, NCR-MT’s and NCR-Fwd’s TX/RX can be TDMed.
· FFS: support FDMing NCR-MT’s and UE’s signals, subject to NCR’s capability. 
· FFS: power control mechanisms (e.g., to address power sharing and/or power mismatch) in case of FDM UL.
5 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
RAN1 to discuss detailed mechanisms to indicate the NCR’Fwd’s beamforming information for the access link in 9.8.2. The design should support both dynamic and semi-static 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. 
Proposal 2
RAN1 to consider multi-beam NCR operation, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link. 
Observation 2
NCR-MT’s TX/RX beams (e.g., TCI and/or SRI) may be dynamically changed only when NCR-MT receives a DL or UL grant. NCR-Fwd’s operation is expected to be more frequent than and not necessarily linked to NCR-MT’s DL/UL channels (other than the side control). Hence, without new indications from gNB, NCR cannot support flexible and adaptive NCR-Fwd’s backhaul beamforming.  
Proposal 3
Support additional indication from gNB to determine the beam at NCR-Fwd for backhaul link. 
· The indication should support dynamic beamforming.
· RAN1 to discuss the detailed indication mechanisms in 9.8.2.  

--- UL-DL TDD information ---
Proposal 4
For in-band operation, NCR uses the slot format, acquired by NCR-MT via the legacy mechanisms (as discussed in 38.213 section 11.1), for its NCR-Fwd’s operation.
Observation 3
There could be “flexible” resources in the slot format configuration acquired by NCR-MT. There should be no ambiguity about which direction (UL or DL) the NCR-Fwd should forward the signals within these resources. 
Proposal 5
Support an optional indication of the TDD UL/DL state, along with other side control info, for an NCR-Fwd’s operation.

--- ON-OFF information ---
Observation 4
The NCR-Fwd should remain OFF, unless instructed by gNB to become ON.
gNB provides NCR with an indication of the required side control info, e.g., access beamforming info, for the time periods NCR-Fwd should be ON and active. Such an indication will effectively turn ON the repeater. Also, the lack of such an indication means NCR-Fwd should be OFF. 
Observation 5
A multi-band 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
There is no need to support explicit indication of ON-OFF information. 
· FFS: support frequency-selective forwarding (or frequency-selective ON-OFF information).

--- Power control information ---
Observation 6
Repeater’s output power may be subject to (a) a max TX power, and (b) a max amplification gain. Therefore, depending on the level of input power, the repeater may operate in one of gain-limited or TX power-limited regions.
Observation 7
Operation in the TX power-limited region may not be energy-efficient. That is, the transmitter (i.e., gNB in DL, and UE in UL) could reduce its TX power and hence its power consumption with no/limited impact on the strength/quality of the signal received by the receiver (i.e., UE in DL, and gNB in UL).
Observation 8
In the TX power-limited region, the effective output power per RB reduces for larger RB allocations. This is particularly undesirable, when forwarding DL symbols that carry DL-RS (e.g., SSB or CSI-RS).
Proposal 7
gNB should be able to determine the NCR’s output power operating region (gain-limited vs TX power-limited) for both backhaul and access links. 
· FFS: support assistance information from NCR.
Proposal 8
· RAN1 to support NCR-Fwd’s power control information as side control information.

--- TX/RX timing alignment information ---
Observation 9
NCR may leverage the available guard periods and knowledge of its internal delay to properly set its UL receive timing.

--- multiplexing NCR-MT’s and UE’s signals ---
Proposal 9
As a baseline, NCR-MT’s and NCR-Fwd’s TX/RX can be TDMed.
· FFS: support FDMing NCR-MT’s and UE’s signals, subject to NCR’s capability. 
· FFS: power control mechanisms (e.g., to address power sharing and/or power mismatch) in case of FDM UL.
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