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Introduction
This contribution presents ETRI’s views on NCR features based on [1].

Discussion
Periodic/aperiodic/semi-persistent beam indication for access link
In FG 43-2 (periodic beam indication for access link) and 43-4 (semi-persistent beam indication for access link), two different components (i.e., beam indication and priority flag) are combined into one FG [1]. Our understanding is that these two components are not necessarily tied together always. For instance, if a single type of beam indication, e.g., the case with periodic beam indications only, the priority flag won’t be utilized ever. We think it needs to be clarified whether the priority flag should be always supported, if the NCR support periodic or semi-persistent beam indication.

Proposal 1. Regarding FG 43-2 and 43-4, RAN1 to clarify that whether the priority flag should be supported, if the NCR support periodic or semi-persistent beam indication.

For the second component of FG 43-3 (supported slot offset k values for aperiodic beam indication), we think the values from Table 1 can be a reference. In Table 1, we can see that a certain number of symbols, e.g., sym224, sym336, sym896, sym1344, sym1792, sym2688, etc., can be reported to indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission (i.e., for beam switching) according to the SCS. Having said that, it should be noted that Table 1 also shows that the numbers above are not valid/defined for some scenarios (see the NOTE in Table 1 for details).
As a starting point, it is suggested to introduce the same values for various numerologies and one more option with sym0 considering that the NCR-MT may have more processing power than legacy UEs.

Proposal 2. RAN1 to consider the following values for the component 2 of FG 43-3 (supported slot offset k values for aperiodic beam indication):
· sym0 for all SCSs or for reported SCSs,
· sym224 or sym336 for 60kHz and 120kHz SCS, 
· sym896 or sym1344 for 480kHz SCS,
· sym1792 or sym2688 for 960kHz SCS.

[bookmark: _Ref134791197]Table 1. Legacy beam switching offset values [2].
	beamSwitchTiming, beamSwitchTiming-v1710
Indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission. The number of OFDM symbols is measured from the end of the last symbol containing the indication to the start of the first symbol of CSI-RS. The UE includes this field for each supported sub-carrier spacing.
NOTE:	beamSwitchTiming of value (sym224 or sym336 for 60kHz and 120kHz SCS, sym896 or sym1344 for 480kHz SCS and sym1792 or sym2688 for 960kHz SCS) will be used to determine UE expectation/behaviour for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting as described in clause 5.1.6.1.1 of TS 38.214 [12], while UE behaviour/assumption regarding before or after beam switch timing is unspecified for measuring AP CSI-RS for CSI acquisition (without trs-Info and without repetition) and for beam management (with repetition 'off').
	Band
	No
	N/A
	FR2 only

	beamSwitchTiming-r16, beamSwitchTiming-r17
Indicates the minimum number of required OFDM symbols (sym224, sym336 for 60kHz and 120kHz SCS, sym896 or sym1344 for 480kHz SCS and sym1792 or sym2688 for 960kHz SCS) between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition 'ON' if enableBeamSwitchTiming-r16 is configured.
For CSI-RS configured with repetition "off", the UE applies beam switch time of sym48 if beamSwitchTiming-r16 is reported and enableBeamSwitchTiming-r16 is configured. For CSI-RS configured without repetition and without trs-info, the UE applies beam switch time of sym48 if beamSwitchTiming-r16 is reported and enableBeamSwitchTiming-r16 is configured.
	Band
	No
	N/A
	FR2 only



As basic NCR features, we would like to support FG 43-2 (periodic beam indication) and FG 43-3 (aperiodic beam indication).

Proposal 3. RAN1 to support FG 43-2 (periodic beam indication) and FG 43-3 (aperiodic beam indication) as basic NCR features.

Beam index updates for semi-persistent beam indication
Regarding FG 43-4a (beam index updates for semi-persistent beam indication), we don’t support “temporary” update of beam index(es), which has never been agreed yet. To support this temporary update, RAN1 needs to further discuss and agree on the rollback timing after valid duration of the temporal beam update. Without such details, specification supports on temporal beam update would be incomplete. 

Proposal 4. Delete “[temporary]” from FG 43-4a.

We think FG 43-4a requires additional complexity for NCR implementations, since such RRC configuration update by MAC CE may imply a new beam activation via MAC CE. The current formulation (separated FGs for 43-4 and 43-4a) makes NCR-MT who support FG 43-4 but not FG 43-4a can focus on RRC configured beams unless the gNB performs RRC reconfiguration. 

Proposal 5. Do NOT merge FG 43-4 and 43-4a.

Simultaneous UL transmission of backhaul link and C-link
In this section, we provide ETRI’s views on the follow-up details for FG 43-5 (simultaneous UL transmission of backhaul link and C-link), which is highly correlated with uplink power control.
As captured in Table 2, it is clarified that the IAB-MT configured output power, PCMAX,f,c, is set by rated EIRP, PRated,c,EIRP, as declared by manufacturer.

[bookmark: _Ref131672901]Table 2. Specification on IAB-MT configured output power [1].
	9.2.4	Configured radiated output power
9.2.4.1	IAB-MT configured output power for IAB-MT type 1-H, 1-O and 2-O
The configured maximum output power PCMAX,f,c is set in each slot according to the following equation:
PCMAX,f,c = PRated,c,EIRP
where PRated,c,EIRP is declared by manufacturer. 



Furthermore, it is also noted that the typical UE capability signaling on power class is not applicable for IAB-MT as highlighted in Table 3.

[bookmark: _Ref131673168]Table 3. UE capability signaling on power class [4].
	powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT.
	BC
	No
	N/A
	FR1 only

	powerClassNRPart-r16
Indicates NR part power class the UE supports when operating according to this band combination.
This field only applies for MR-DC BCs containing only single CC or intra-band CA in NR side in this release.
	BC
	No
	N/A
	FR1 only



Consequently, the following aspects are not considered for IAB-MT configured output power calculation:
· Power class
· ΔPPowerClass
· MPR/A-MPR
· PHR
· Interband CA
· SUL and SRS related aspects

Observation 1. The following aspects are not considered for IAB-MT configured output power calculation:
· Power class
· ΔPPowerClass
· MPR/A-MPR
· PHR
· Interband CA
· SUL and SRS related aspects

It seems that Rel-17 NR repeater has various types of manufacturer declaration on the output power. For instance, Table 4 shows three examples of manufacturer declarations on rated output power on Rel-17 NR repeater from conducted conformance testing perspective. Table 5 captures another example of manufacturer declarations on rated (beam) EIRP on Rel-17 NR repeater from radiated conformance testing perspective.

[bookmark: _Ref131678515]Table 4. Manufacturer declarations on rated output power on Rel-17 NR repeater [5].
	D.9
	Rated output power per passband (Prated,p,AC)
	Conducted rated output power per passband, per single band connector or multi-band connector.
Declared per supported passband, per antenna connector. (Note 1)

	D.10
	Rated total output power (Prated,t,AC)
	Conducted total rated output power.
Declared per supported operating band, per antenna connector.
For multi-band connectors declared for each supported operating band in each supported band combination. (Note 1)

	D.11
	Rated multi-band total output power, Prated,MB,TABC
	Conducted multi-band rated total output power.
Declared per supported operating band combinations, per multi-band connector. (Note 1)



[bookmark: _Ref131679026]Table 5. Manufacturer declarations on rated EIRP on Rel-17 NR repeater [6].
	D.9
	Rated beam EIRP
	The rated EIRP level per passband (Prated,p,EIRP) at the beam peak direction associated with a particular beam direction pair for each of the declared maximum steering directions (D.8), as well as the reference beam direction pair (D.8). Declared for every beam (D.3).
(Note 5, 6, 7)



Assuming that one of the above rated output power or EIRP of NR repeater replaces the rated EIRP, PRated,c,EIRP, in Table 2, the same observations with IAB-MT would be made for NCR-MT as well, since the declared values are not varied per specific operation mode/scenarios of NCR. In other words, the following aspects will not be considered for NCR-MT configured output power calculation, if the same mechanism with IAB-MT is applied for NCR-MT:
· Power class
· ΔPPowerClass
· MPR/A-MPR
· PHR
· Interband CA
· SUL and SRS related aspects
· Simultaneous UL transmission of C-link and backhaul link

Observation 2. The following aspects may not be considered for NCR-MT configured output power calculation, if the same mechanism with IAB-MT is applied for NCR-MT:
· Power class
· ΔPPowerClass
· MPR/A-MPR
· PHR
· Interband CA
· SUL and SRS related aspects
· Simultaneous UL transmission of C-link and backhaul link

It may mean that the clarification on UE power class needs to be revised as highlighted in Table 6 considering NCR-MT.

[bookmark: _Ref131679854]Table 6. Possible clarification on UE capability signaling considering NCR-MT.
	powerClass, powerClass-v1610
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations that are applicable as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. This capability is not applicable to IAB-MT and NCR-MT (NCR control link).
	BC
	No
	N/A
	FR1 only

	powerClassNRPart-r16
Indicates NR part power class the UE supports when operating according to this band combination.
This field only applies for MR-DC BCs containing only single CC or intra-band CA in NR side in this release.
	BC
	No
	N/A
	FR1 only



[bookmark: _Ref118468086]Table 7. Agreements on NCR capability [7].
	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 7, 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 1, 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.
[image: ]
[bookmark: _Ref115421759]Figure 1. NCR power control enhancement for future releases.

Observation 3. 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 8 [8]. On the other hand, individual repeater class has been defined at least for Rel-17 RF repeater in Table 9 [9].

[bookmark: _Ref127455161]Table 8. UE power class in [8].
	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 9. Repeater class for repeater type 2-O [9].
	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 2 and Figure 3 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 8 and Table 9 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 2, 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 2. An example of repeater PA architecture (single PA per TX/RX path)

With the PA architecture like Figure 3, 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 3. Another example of repeater PA architecture (multiple PAs per TX/RX path)

Proposal 6. For TDMed C-link and backhaul link transmissions, clarify RAN1 preference among the following options (and send an LS to RAN4):
· Option 1: Determine PCMAX of TDMed C-link by manufacturer declaration (single value, same as IAB-MT)
· Option 2: Determine PCMAX of TDMed C-link by UE/NCR-MT power class

Proposal 7. For FDMed C-link and backhaul link transmissions, clarify RAN1 preference among the following options (and send an LS to RAN4):
· Option 1: Determine PCMAX of FDMed C-link by manufacturer declaration (the same value with TDMed C-link, same as IAB-MT)
· Option 2: Determine PCMAX of FDMed C-link by manufacturer declaration (an additional / separated value for FDMed C-link)
· Option 3: Determine PCMAX of FDMed C-link by UE/NCR-MT power class
· Option 4: Report/define transmission power adjustment value for FDMed cases (similar with Rel-17 eIAB)

Proposal 8. 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 9. 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. The following aspects are not considered for IAB-MT configured output power calculation:
· Power class
· ΔPPowerClass
· MPR/A-MPR
· PHR
· Interband CA
· SUL and SRS related aspects
Observation 2. The following aspects may not be considered for NCR-MT configured output power calculation, if the same mechanism with IAB-MT is applied for NCR-MT:
· Power class
· ΔPPowerClass
· MPR/A-MPR
· PHR
· Interband CA
· SUL and SRS related aspects
· Simultaneous UL transmission of C-link and backhaul link
Observation 3. Higher-layer configuration-based NCR power control is beneficial for FDMed C-link and backhaul link uplink transmissions.

Proposal 1. Regarding FG 43-2 and 43-4, RAN1 to clarify that whether the priority flag should be supported, if the NCR support periodic or semi-persistent beam indication.
Proposal 2. RAN1 to consider the following values for the component 2 of FG 43-3 (supported slot offset k values for aperiodic beam indication):
· sym0 for all SCSs or for reported SCSs,
· sym224 or sym336 for 60kHz and 120kHz SCS, 
· sym896 or sym1344 for 480kHz SCS,
· sym1792 or sym2688 for 960kHz SCS.
Proposal 3. RAN1 to support FG 43-2 (periodic beam indication) and FG 43-3 (aperiodic beam indication) as basic NCR features.
Proposal 4. Delete “[temporary]” from FG 43-4a.
Proposal 5. Do NOT merge FG 43-4 and 43-4a.
Proposal 6. For TDMed C-link and backhaul link transmissions, clarify RAN1 preference among the following options (and send an LS to RAN4):
· Option 1: Determine PCMAX of TDMed C-link by manufacturer declaration (single value, same as IAB-MT)
· Option 2: Determine PCMAX of TDMed C-link by UE/NCR-MT power class
Proposal 7. For FDMed C-link and backhaul link transmissions, clarify RAN1 preference among the following options (and send an LS to RAN4):
· Option 1: Determine PCMAX of FDMed C-link by manufacturer declaration (the same value with TDMed C-link, same as IAB-MT)
· Option 2: Determine PCMAX of FDMed C-link by manufacturer declaration (an additional / separated value for FDMed C-link)
· Option 3: Determine PCMAX of FDMed C-link by UE/NCR-MT power class
· Option 4: Report/define transmission power adjustment value for FDMed cases (similar with Rel-17 eIAB)
Proposal 8. 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 9. 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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