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1 Introduction
This contribution provides our views on the following objective from the NR network-controlled repeaters SID: “Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]”.
In Section 2, we discuss about a few general signaling aspects. Section 3 provides specific details about the identified side control information.
Our companion paper [1] discusses the side control information. 

2 L1/L2 Signalling: General Aspects
For the design of L1/L2 signaling carrying the side-control, we first need to agree on the main principals. 
As discussed in [1] and during RAN1#109e, the network will get the most benefit from a repeater if it can adapt the repeater’s operation/configuration dynamically and with a sufficient level of granularity. For example, network should be able to change NCR-Fwd’s access beamforming dynamically and with symbol-level granularity. On the hand, semi-static indication can provide a more efficient way to configure NCR’s operation – specially for the semi-static/periodic signals (like SSBs, RACH, CSI-RS, etc.)

Observation 1
Network gets the most benefit from a repeater when it can adapt the repeater’s operation/configuration dynamically and with a sufficient level of granularity.

Observation 2
Semi-static indication of side control information is particularly more efficient for occasions where NCR is supposed to forward semi-static/periodic signals (like SSBs, RACH, CSI-RS, etc.)

So as a general proposal, we suggest supporting both dynamic and semi-static indication of side control information. 
Proposal 1
Support both dynamic and semi-static indication of side control information.
Proposal 2
Support granular (symbol-level) side control info indication.

Figure 1 shows an example in which gNB uses a repeater to serve UE1 and UE2. For example, if the gNB wants to send a downlink signal to UE1, it needs to first send a control message, in advance, to repeater to provide the required side control info (e.g., the beamforming info, forwarding direction (UL/DL), and the associated time-domain resources). 
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[bookmark: _Ref102071613]Figure 1 gNB using a repeater (R) to serve remote UEs
           
Given the above example, and Proposal 1, we should at least support L1 (DCI-based) signaling to enable fast adaptation of repeater’s configurations. On the other hand, to support semi-static indication (e.g., when the repeater is used to forward semi-static/periodic signals), L2 (MAC-CE based) or L3 (RRC based) signaling will be more efficient. 

Observation 3
L1 (DCI-based) signaling is needed to support fast adaptation of repeater’s configurations. 
L2 (MAC-CE) and/or L3 (RRC) signaling may be more efficient for configuring the repeater’s forwarding operation associated with semi-static/periodic signals. 

Proposal 3
Support L1 (DCI-based) signaling for dynamic indication of side control info.
Support L2/L3 (MAC-CE or RRC based) signaling for semi-static indication of side control info.

Another important aspect is the application latency from the time NCR-MT receives side control information from gNB to the time NCR-Fwd can implement the indicated configuration. As a baseline, the legacy framework (as those in 38.214) can be used. 

Proposal 4
RAN1 to discuss the application delay from the time NCR-MT receives side control information to the time NCR-Fwd implements the indicated configuration.
· Use legacy framework (e.g., as specified in 38.214) as a baseline.

It should be clear, but still noteworthy, that the signals carrying the side control information should further indicate the time-domain resources (e.g., symbol/slot indices) for which the indicated control info (e.g., beamforming) is to be adopted.

Proposal 5
The signaling that carries the side control info should also indicate the associated time-domain resources (e.g., symbol/slot indices) within which the repeater is to adopt the indicated side control info. 

Another important aspect is the required information that the repeater should share with the network. A repeater has two components: (a) NCR-MT, and (2) NCR-Fwd. NCR-MT supports features/capabilities, where some of them may need to be reported to the network. Such features/capabilities and their reporting would depend on the repeater’s architecture and should be discussed later, pending the discussions/decisions about the architecture. 
Observation 4
NCR-MT’s features/capabilities and their reporting would depend on the NCR-MT’s architecture (e.g., whether it supports full-stack or only lower layers). 
Proposal 6
NCR-MT’s features/capabilities should be discussed later, after RAN2/3’s discussions about the architecture.

The repeater also has some features/configurations associated with its NCR-Fwd, that should be reported to the network. 
Beam-related information (such as the number of beams NCR can support on its access link) is one such example. 
Another example is power-related information. As discussed in Section 3.4, it is beneficial for NCR to report NCR-Fwd’s max TX power, max amplification gain, and/or power headroom for both of its backhaul and access links.
Frequency-related information is yet another example which is also discussed in [1]. A repeater may support operating in multiple passbands (consecutive or non-consecutive). The repeater may also 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. 

NCR-Fwd’s related information may be reported along with NCR-MT’s features/capabilities (e.g., by extending the legacy capability reporting framework). Alternatively, NCR-Fwd’s related information may be reported separately, and especially via lower-layer (L1/L2) signaling. 
Observation 5
A repeater has features/configurations associated with its NCR-Fwd – such as beam-related (e.g., number of supported TX/RX beams), power-related (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom), and frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands). 
Proposal 7
Support indication of NCR-Fwd’s specific information to the network, including 
· Beam-relate information (e.g., the number of supported TX/RX beams)
· Power-related information (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom for both of its backhaul and access links)
· Frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands)
FFS: signaling method (e.g., new L1/L2 signaling, or L3 signaling with a possibility of joint report with repeater’s other features/capabilities associated with NCR-MT)

3 Side Control Information Indication
RAN1#109e discussed NCR’s side control and the associated signaling and came up with a few agreements and recommendations. The simplified model, as shown in Figure 2, 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 2 NCR simplified model

3.1. Beamforming information 
As shown in Figure 2, 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.
More specifically, the following two agreements were made.
	Agreement
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110



Given the previous discussions, and RAN1#109e’s recommendation (agreed in 9.8.1), we propose to support both dynamic and semi-static beam indications (i.e., Option#2-3).
A beam index (Option 1) can be used for the access link beam indication, wherein the index is a value in the range (0..M-1). RAN1 should discuss a max value for the number of access beams (M). As discussed in Section 2, the NCR may also report its beamforming information/configuration that at least includes the number of access beams it can generate. In that case and when the max number of access beams supported by NCR is less than the RAN1-specified max value, the range of indicated beam index can be selected accordingly to reduce the signaling overhead. 

Proposal 8
In the access link beam indication, a beam is indicated by a beam index. The beam index ranges from 0 to M-1. 
· FFS: Mmax = max value of M.

Proposal 9
In case NCR reports its supported number of access beams that is less than Mmax, the range of indicated access beam index can be selected accordingly to reduce the signaling overhead.

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. In [1], we discussed this in more details and made the following observation and proposal.


Observation [1]: 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 [1]: Support additional indication from gNB to determine the beam at NCR-Fwd for backhaul link. The indication should support dynamic beamforming.

For NCR-Fwd’s backhaul beam indication, we can leverage legacy design – e.g., by including a backhaul beam index that refers to one of NCR-MT’s TCI states or SRIs.

Proposal 10
For the NCR-Fwd’s backhaul link beam indication, a beam is indicated by a beam index. The beam index refers to one of NCR-MT’s beams (TCI state and/or SIR).

3.2. Information on UL-DL configuration
In [1], we discussed UL-DL configuration information, and made the following observation and proposal.

Observation [1]: 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 11
Support an optional indication of the TDD UL/DL state, along with other side control info, for an NCR-Fwd’s operation.

3.3. ON-OFF information
In [1], we discussed ON-OFF information, and made the following observation and proposal.

Observation [1]: 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. 

Proposal 12
There is no need to support explicit indication of ON-OFF information. 

3.4. Power control information 
In [1], we discussed power control information and made the following proposals.

Observations:
· 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. (Figure 3)
· 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).
· 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 [1]: gNB should be able to determine the NCR’s output power operating region (gain-limited vs TX power-limited as shown in Figure 3). FFS: support assistance information from NCR.
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[bookmark: _Ref110857907]Figure 3 NCR output power (gain-limited vs TX power-limited regions)


The assistance information from NCR can be in terms of providing power-related information – such as its maximum supported TX power (), maximum amplification gain (), offset to the maximum TX power (power headroom). 

Proposal 13
Support NCR providing gNB with power-related information.
· FFS: type of information (e.g., max TX power, max amplification gain, power headroom) 

In [1], we further discussed power control as side control information would enable flexible and efficient operation under gNB’s control. Pending on 8.9.1 discussions, we may need to discuss detailed power control mechanisms in 8.9.2 later. 
3.5. Timing information to align TX/RX boundaries
In [1], we discussed the remaining aspects of TX/RX timing alignment and made the following observation.
Observation [1]: NCR may leverage the available guard periods and knowledge of its internal delay to properly set its UL receive timing.

Proposal 14
There is no need to support additional indication for TX/RX timing alignment. 

4 Conclusion 
In this contribution, we discussed the aspects related to signaling design to carry the side control and other repeater’s information. The following observations and proposals are made.

--- general aspects ---
Observation 1
Network gets the most benefit from a repeater when it can adapt the repeater’s operation/configuration dynamically and with a sufficient level of granularity.
Observation 2
Semi-static indication of side control information is particularly more efficient for occasions where NCR is supposed to forward semi-static/periodic signals (like SSBs, RACH, CSI-RS, etc.)
Proposal 1
Support both dynamic and semi-static indication of side control information.
Proposal 2
Support granular (symbol-level) side control info indication.

Observation 3
L1 (DCI-based) signaling is needed to support fast adaptation of repeater’s configurations. 
L2 (MAC-CE) and/or L3 (RRC) signaling may be more efficient for configuring the repeater’s forwarding operation associated with semi-static/periodic signals. 
Proposal 3
Support L1 (DCI-based) signaling for dynamic indication of side control info.
Support L2/L3 (MAC-CE or RRC based) signaling for semi-static indication of side control info.

Proposal 4
RAN1 to discuss the application delay from the time NCR-MT receives side control information to the time NCR-Fwd implements the indicated configuration.
· Use legacy framework (e.g., as specified in 38.214) as a baseline.

Proposal 5
The signaling that carries the side control info should also indicate the associated time-domain resources (e.g., symbol/slot indices) within which the repeater is to adopt the indicated side control info. 

Observation 4
NCR-MT’s features/capabilities and their reporting would depend on the NCR-MT’s architecture (e.g., whether it supports full-stack or only lower layers). 
Proposal 6
NCR-MT’s features/capabilities should be discussed later, after RAN2/3’s discussions about the architecture.

Observation 5
A repeater has features/configurations associated with its NCR-Fwd – such as beam-related (e.g., number of supported TX/RX beams), power-related (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom), and frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands). 
Proposal 7
Support indication of NCR-Fwd’s specific information to the network, including 
· Beam-relate information (e.g., the number of supported TX/RX beams)
· Power-related information (e.g., NCR-Fwd’s max power, max amplification gain, or power headroom for both of its backhaul and access links)
· Frequency-related information (e.g., supported passbands, and whether NCR supports selective forwarding across the passbands)
FFS: signaling method (e.g., new L1/L2 signaling, or L3 signaling with a possibility of joint report with repeater’s other features/capabilities associated with NCR-MT)


--- beamforming information ---
Proposal 8
In the access link beam indication, a beam is indicated by a beam index. The beam index ranges from 0 to M-1. 
· FFS: Mmax = max value of M.
Proposal 9
In case NCR reports its supported number of access beams that is less than Mmax, the range of indicated access beam index can be selected accordingly to reduce the signaling overhead.
Proposal 10
For the NCR-Fwd’s backhaul link beam indication, a beam is indicated by a beam index. The beam index refers to one of NCR-MT’s beams (TCI state and/or SIR).

--- UL-DL TDD information ---
Proposal 11
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 ---
Proposal 12
There is no need to support explicit indication of ON-OFF information. 

--- Power control information ---
Proposal 13
Support NCR providing gNB with power-related information.
· FFS: type of information (e.g., max TX power, max amplification gain, power headroom) 

--- TX/RX timing alignment information ---
Proposal 14
There is no need to support additional indication for TX/RX timing alignment. 
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