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Introduction
In RAN#97-e meeting, the WID on NR network-controlled repeater (NCR) was agreed with the following objectives [1]:
	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



This contribution presents ETRI’s views on remaining details of the following topics:
· Beamforming
· Power control

Discussion
NCR beamforming
[bookmark: _Ref118464127][bookmark: _Hlk118466753]Table 1. Agreements on NCR beamforming [5].
	Agreement
For each periodic beam indication for access link, one RRC signalling is used with the information defined by the following:
Option-2: 
· A list of X() forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of 
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.




Figure 1 shows NCR deployment scenario for indoor UEs, which has high priority from ETRI perspective. In Figure 1, NCR comprises three part; 1) the first repeater antenna (repeater antenna #1 on the rooftop facing to the serving gNB antenna), 2) the second repeater antenna (repeater antenna #2 on the ceiling or on the wall), 3) repeater main body including repeater-MT and repeater AF unit. The NCR may receive side control information (SCI) from gNB through the first repeater antenna (repeater antenna #1) and the repeater-MT (NCR-MT) can control repeater AF unit (NCR-Fwd) according to the decoded SCI by using internal control interfaces. Figure 1 can be considered as an detailed example of NCR model captured by Figure 5-1 in [2].
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[bookmark: _Ref115354595]Figure 1. NCR deployment scenario for indoor UEs.
In the NCR deployment scenario above, various types of variable / fixed beam mapping for repeater antennas can be considered according to implementation choice. One of possible beam mapping options is predefined beam mapping, which has been adopted for O-RU in O-RAN specifications as shown by Figure 2. As represented in Figure 2, multiple coarse and fine beams can be predefined for an antenna panel of NCR assuming to cover a region, e.g.,  in azimuth domain and  in elevation domain, which is enough to serve a room or office, if the repeater antenna is on one of the upper corners of that room or office. In this example, the total number of beams is 40 (8 coarse beams + 32 fine beams), which implies 6 bits of payload for beam indication per beam. 
[image: ]
[bookmark: _Ref115358431]Figure 2. An example of predefined coarse and fine beam mapping in O-RAN specifications [3].

As captured in Table 1, further discussions on the maximum number of forwarding resources for periodic beam indication (Xmax) and aperiodic beam indication (Lmax) are required to finalize the NCR beam indication specification. Based on the beam mapping in Figure 2, we suggest to support the following values of Xmax and Lmax, at least:
· 1 for 1 coarse beam or 1 fine beam
· 2 for 1 coarse beam and 1 fine beam
· 4 for 2 pairs of 1 coarse beam and 1 fine beam
· 5 for 1 coarse beam and 4 fine beams
· 10 for 2 pairs of 1 coarse beam and 4 fine beams

Proposal 1. For Xmax or Lmax, one of the following values can be configured:
· 1 (for 1 coarse beam or 1 fine beam)
· 2 (for 1 coarse beam and 1 fine beam)
· 4 (for 2 pairs of 1 coarse beam and 1 fine beam)
· 5 (for 1 coarse beam and 4 fine beams)
· 10 (for 2 pairs of 1 coarse beam and 4 fine beams)

Regarding down-selection between Tmax =1 or Tmax = Lmax, we think both options can be utilized for Rel-18 NCR with the following use cases:
· Use case #1: For beam sweeping in access link, gNB can configure Tmax =1 for an aperiodic beam indication. In this case, the indicated time resources can be evenly distributed to the Lmax beams.
· Use case #2: For individual beam indication in access link, gNB can configure Tmax = Lmax for an aperiodic beam indication. In this case, the association between time resource indication and beam indication is one-to-one mapping.

Observation 1. Both Tmax =1 and Tmax = Lmax are beneficial for Rel-18 NCR.

Proposal 2. RAN1 to consider support of Tmax =1 and Tmax = Lmax for Rel-18 NCR.
· In cased of down-selection, Tmax =1 is preferred. (Use cases of Tmax = Lmax can be covered by periodic beam indication)

An NCR may receive multiple beam configurations and/or beam indications at a given time instance for various reasons. For instance, gNB may configure a default beam and then update the beam by dynamic indication according to the situation. In another example, given that Rel-18 specification does not support access link-specific CSI report, gNB may allocate coarse beam and fine beam together for robustness. In this case, the following priority rules can be considered to determine an actual beam for access link:
· Priority rule #1: The latest SCI has the highest priority and override prior SCIs.
· Priority rule #2: Coarse beam indication has higher priority than fine beam indication. (Rel-17 specification already supports declarations on repeater beam hierarchy [8][9].)

Proposal 3. Support the following priority rules for SCIs indicating beams for a given time instance:
· Priority rule #1: The latest SCI has the highest priority and override prior SCIs.
· Priority rule #2: Coarse beam indication has higher priority than fine beam indication.

For the access link beam update by the priority rules above, it is suggested to clarify that the beam update is only applied for the time resources indicated by the SCI with higher priority. For instance, if the SCI with 2nd priority indicates beams for slot/symbol #0 ~ #9 and the SCI with 1st priority indicates beams for slot/symbol #0 ~ #1, then the NCR updates beams for slot/symbol #0 ~ #1 and maintains the remaining beams for slot #2 ~ #9. With this clarification, the signalling overhead for access link beam update can be remained adequately. 

Proposal 4. RAN1 to clarify that the beam update is only applied for the time resources indicated by the SCI with higher priority.
· In other words, a beam indication does not override another beam indication outside of the corresponding time resource indication.

NCR power control
[bookmark: _Ref118468086]Table 2. Agreements on NCR capability [4].
	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



As captured by Table 2, it was agreed that simultaneous UL transmission of C-link and backhaul link may be performed according to the NCR capability. Given that some types of NCR may share the same RF chain (i.e., a single set of antenna panels, amplifiers, and filters) the control link and the backhaul link, for these types of NCR the maximum transmission power for either of control link or access/backhaul link would be affected by the multiplexing mode for those links. For instance, as shown in Figure 3, the control link may fully utilize the maximum transmission power of the NCR during the access link OFF duration where the control link transmission and backhaul link transmission are TDMed. On the other hands, it is clear that the control link and backhaul link may share a portion of the maximum transmission power during the access link ON duration where the control link transmission and backhaul link transmission can be FDMed. Taking this into account, it should be noted that higher-layer configuration-based NCR power control can be beneficial for FDMed C-link and backhaul link uplink transmissions and can be introduced in later releases.
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[bookmark: _Ref115421759]Figure 3. NCR power control configurations for access link ON and OFF durations.

Observation 2. Higher-layer configuration-based NCR power control is beneficial for FDMed C-link and backhaul link uplink transmissions.

Given that RAN1 has not had a common understanding on power control enhancements for NCR yet, it is assumed that at least the NCR-MT will follow the legacy power control mechanism, where the maximum transmission power PCMAX is determined by UE power class in Table 3 [6]. On the other hand, individual repeater class has been defined at least for Rel-17 RF repeater in Table 4 [7].

[bookmark: _Ref127455161]Table 3. UE power class in [6].
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE

	Note: RedCap variants of non-RedCap UEs are not precluded



[bookmark: _Ref127455168]Table 4. Repeater class for repeater type 2-O [7].
	UL repeater class
	Prated,p,TRP
	Prated,p,EIRP

	Wide Area
	(note 1)
	(note 1)

	Local Area
	≤ + 35 + X dBm, Note 3
	≤ + 55 + X dBm, Note 2

	NOTE1:	There is no upper limit for the Prated,p,TRP or Prated,p,EIRP of the repeater type 2-O UL transmission.
NOTE2:	X = [10*log (ceil (passband bandwidth/100MHz))]



As discussed in various agendas including power sharing for CA/DC scenarios, the legacy power control features have considered multiple types of possible PA architectures. And the number of possible PA architectures for NCR will be more than one as well for similar reasons with the multi-carrier scenarios. Figure 4 and Figure 5 shows examples of repeater PA architectures with single PA per TX/RX path and multiple PAs per TX/RX path, respectively. Since the possible combinations of the UE/repeater power class as captured in Table 3 and Table 4 and the PA architecture to support C-link and backhaul link are quite diverging, several ambiguities need to be resolved. In the current specifications, various types of MPR are associated with UE power class and we think that these MPR limitations can be relaxed for repeater applications.
With the PA architecture like Figure 4, the uplink transmission power for C-link and backhaul link will be from the same PA for RX (UL) path. In this case, it needs to be clarified that which power class should be applied for C-link and/or backhaul link to determine the maximum transmission power PCMAX. The answer of this question can be different according to the multiplexing scenarios of C-link and backhaul link. For the TDMed C-link and backhaul link uplink transmission, the legacy method (i.e., applying repeater class for backhaul link and assuming UE power class for C-link) may have no issues. For the FDMed C-link and backhaul link uplink transmission, however, the maximum output power of the RX (UL) path PA can be smaller than the sum of the maximum C-link transmission power and the maximum backhaul link transmission power, which are declared by UE power class and repeater class, respectively. In this case, a certain level of transmission power backoff margin may be required. Furthermore, priority rules for power allocation/reduction can be introduced. For instance, repeater may apply higher priority to uplink transmission in backhaul link and the transmission power of C-link can be reduced, accordingly. In this case, the legacy uplink transmission omission by the higher-layer parameter should be applied to the uplink transmission in C-link (i.e., the repeater omits the uplink transmission of C-link, if the reduced transmission power is larger than the value configured by xScale).

[image: ]
[bookmark: _Ref127454311]Figure 4. An example of repeater PA architecture (single PA per TX/RX path)

With the PA architecture like Figure 5, the uplink transmission power of a PA can be shared in a certain uplink transmission group. For example, the uplink transmission group could be 1) uplink cells in a same cell group, or 2) uplink transmission in either of C-link or backhaul link. In this case, it needs to be clarified that whether/how to apply the semi-static/dynamic power sharing across the uplink transmission groups. As done by the higher-layer parameter dualPA-Architecture, report (from the repeater) and configuration (from the gNB) on the PA architecture also can be beneficial to handle this issue.

[image: ]
[bookmark: _Ref127454313]Figure 5. Another example of repeater PA architecture (multiple PAs per TX/RX path)

Proposal 5. For TDMed C-link and backhaul link transmissions, support one of the followings:
· Option 1: Determine PCMAX by UE power class for both C-link and backhaul link.
· Option 2: Determine PCMAX by repeater class for both C-link and backhaul link.
· Option 3: Determine PCMAX by UE power class for C-link and by repeater class for backhaul link.

Proposal 6. For FDMed C-link and backhaul link transmissions, support one of the followings:
· Option 1: Apply the same power class for TDMed cases.
· Option 2: Report/configure individual power class for FDMed cases.
· Option 3: Report/define transmission power adjustment value for FDMed cases.

Proposal 7. For the case that uplink transmissions of C-link and backhaul link share the same PA, support one of the followings:
· Option 1: The repeater applies higher priority to uplink transmission in backhaul link and the transmission power of C-link can be reduced, accordingly.
· Option 2: The repeater applies higher priority to uplink transmission in C-link and the transmission power of backhaul link can be reduced, accordingly.

Proposal 8. The repeater omits the uplink transmission of C-link, if the reduced transmission power is larger than the value configured by gNB.

Conclusion
In this contribution, ETRI’s views on NC repeater were shown and the following observations and proposals were made:
Observation 1. Both Tmax =1 and Tmax = Lmax are beneficial for Rel-18 NCR.
Observation 2. Higher-layer configuration-based NCR power control is beneficial for FDMed C-link and backhaul link uplink transmissions.

Proposal 1. For Xmax or Lmax, one of the following values can be configured:
· 1 (for 1 coarse beam or 1 fine beam)
· 2 (for 1 coarse beam and 1 fine beam)
· 4 (for 2 pairs of 1 coarse beam and 1 fine beam)
· 5 (for 1 coarse beam and 4 fine beams)
· 10 (for 2 pairs of 1 coarse beam and 4 fine beams)
Proposal 2. RAN1 to consider support of Tmax =1 and Tmax = Lmax for Rel-18 NCR.
· In cased of down-selection, Tmax =1 is preferred. (Use cases of Tmax = Lmax can be covered by periodic beam indication)
Proposal 3. Support the following priority rules for SCIs indicating beams for a given time instance:
· Priority rule #1: The latest SCI has the highest priority and override prior SCIs.
· Priority rule #2: Coarse beam indication has higher priority than fine beam indication.
Proposal 4. RAN1 to clarify that the beam update is only applied for the time resources indicated by the SCI with higher priority.
· In other words, a beam indication does not override another beam indication outside of the corresponding time resource indication.
Proposal 5. For TDMed C-link and backhaul link transmissions, support one of the followings:
· Option 1: Determine PCMAX by UE power class for both C-link and backhaul link.
· Option 2: Determine PCMAX by repeater class for both C-link and backhaul link.
· Option 3: Determine PCMAX by UE power class for C-link and by repeater class for backhaul link.
Proposal 6. For FDMed C-link and backhaul link transmissions, support one of the followings:
· Option 1: Apply the same power class for TDMed cases.
· Option 2: Report/configure individual power class for FDMed cases.
· Option 3: Report/define transmission power adjustment value for FDMed cases.
Proposal 7. For the case that uplink transmissions of C-link and backhaul link share the same PA, support one of the followings:
· Option 1: The repeater applies higher priority to uplink transmission in backhaul link and the transmission power of C-link can be reduced, accordingly.
· Option 2: The repeater applies higher priority to uplink transmission in C-link and the transmission power of backhaul link can be reduced, accordingly.
Proposal 8. The repeater omits the uplink transmission of C-link, if the reduced transmission power is larger than the value configured by gNB.
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