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Introduction
In the latest RAN#97e meeting, the work item [RP-222673] on NR network-controlled repeater was approved after the completion of study item phase led by RAN1. In the last RAN4 meeting, we reached on good progress on NCR-Fwd part in [16], however there are still lots of open issues left for further discussions. In this contribution, we provide further views on the remaining issues.
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2.1. RF requirements for NCR Fwd type 1-H and 1-O

In the following sections, we provide our views on the remaining issues.
Table 2.1.1. summary of the proposals for NCR-Fwd link type 1-H
	For NCR-Fwd type 1-H:

	Agreement

	RF requirements
	

	Repeater output power [complete, more clarification and alignment are needed]
	Agreement: 
for DL part:
· To follow the option 2;
For UL part:
· FFS
R4-2309893: (complete): 
Agreement:
· For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;
· For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;

Proposal 1: for repeater output power:
DL direction:
· For wide area and ,medium range NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) 
· For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;

UL direction:
· For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8) ;
· For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4) ;


	Frequency stability [complete]
	Agreement (complete):  
Reuse frequency stability for repeater type 1-C 
specified in sub-clause 6.3.2 of TS 38.106.

	Out of band gain [complete]
	Agreement (complete):
 Reuse out of band gain for repeater type 1-C 
specified in sub-clause 6.4.2 of TS 38.106.

	Adjacent Channel Leakage Power Ratio [complete]
	Agreement: 
Reuse the Rel-17 repeater type 1-C requirements for NCR-Fwd type 1-H and 1-O; [relative value]
for DL absolute ACLR limit, to follow the option 2 scaling factor agreed for repeater output power;
R4-2309893:  (complete):
Adjacent Channel Leakage Power Ratio:
Agreement:
For the absolute ACLR limit and relative ACLR limit for NCR-Fwd and NCR-MT simultaneous transmission, the measurement bandwidth for the absolute ACLR limit should be
For the contiguous case for NCR-MT and NCR-Fwd part:
· follow the nominal bandwidth of NCR-Fwd if NCR-MT bandwidth is placed within NCR-Fwd;
· follow the nominal bandwidth of NCR-Fwd+ NCR-MT bandwdith if NCR-MT bandwidth is placed outside of NCR-Fwd;
For the non-contiguous case for NCR-MT and NCR-Fwd part: 
·  to follow the CACLR principle.;

For scaling factor for NCR-Fwd absolute ACLR limit for contiguous case:
Agreement:
For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;
For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;



For scaling factor for NCR-Fwd absolute ACLR limit for non-contiguous case:
Agreement:
To follow the CACLR principle to consider the accumulated emission;
For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;
For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;

Proposal 2: for scaling factor for absolute ACLR limit:
DL direction:
· For wide area and ,medium range NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) 
· For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;

UL direction:
· For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8) ;
· For local area NCR-fwd link, without scaling factor ;


	
	

	
	

	Operating band unwanted emissions [complete]
	Agreement:
Reuse operating band unwanted emissions for repeater type 1-C specified in sub-clauses 6.5.3.2.1 - 6.5.3.2.6 of TS 38.106 as basic limit;
for DL emission power level, follow the option 2 scaling factor agreed for repeater output power;
R4-2309893:  (complete):
Agreement:
Operating band unwanted emissions 
For the scaling factor for OBUE requirement of NCR-Fwd part 
Agreement:
For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;
For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;
For medium range  NCR-fwd link in DL, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;

For simultaenous transmission for NCR-MT and NCR-Fwd link in the non-contiugous case:
 To follow the BS multi-carrier approach without considering further relaxations; 

For simultaneous transmission for NCR-MT and NCR-Fwd link in the contiguous case:
To follow the NCR-Fwd OBUE requirement for Fwd part in the uplink part; 
Proposal 3: for scaling factor for OBUE requirement of NCR-Fwd part:
DL direction:
· For wide area and ,medium range NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) 
· For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;

UL direction:
· For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8) ;
· For local area NCR-fwd link, without scaling factor ;


	
	

	
	

	Transmitter spurious emissions (ongoing)
	Agreement:
· Further study on scaling factor for transmitter spurious emission requirement only. 
R4-2309893:  (ongoing):
For scaling factors for NCR-Fwd part:
Agreement:
For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;
For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;
For medium range -NCR-fwd link in DL, NTXU,counted = min(NTXU,active , 8*Ncells) for emission requirement only;
For simultaneous and non-simultaneous transmission of NCR-MT and NCR-Fwd part in the uplink direction:
· Only one limit should be defined; 
· FFS to reuse UE spurious emission or repeater spurious emission requirement; 
R4-2313903
Agreement:
For the simultaneous transmission of NCR-Fwd and NCR-MT part in FR1, use repeater uplink transmitter spurious emission requirement 
FFS for for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR2
ZTE:
Proposal 4: for scaling factor for transmitter spurious emission requirement of NCR-Fwd part:
DL direction:
· For wide area and ,medium range NCR-fwd link, NTXU,counted = min(NTXU,active , 8*Ncells) 
· For local area NCR-fwd link, NTXU,counted = min(NTXU,active ,4*Ncells) ;

UL direction:
· For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8) ;
· For local area NCR-fwd link, without scaling factor ;

For the simultaneous transmission of NCR-Fwd and NCR-MT in FR2,
	FR1
	FR2-1

	Fwd:  the UE spurious emission
	 BS spurious emission requirement

	NCR-MT: uplink transmitter spurious emission requirement/. 
	UE spurious emission requirement
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For FR2 repeater, we have both Cat A and Cat B requirement defined and Cat B requirement is somehow more stringent compared with Cat A requirement to address the EESS protection problems, however it impose this requirement for NCR-MT transmitter spurious emission requirement, then it might be over stringent for it. Based on this logic, we prefer to keep it the same UE spurious emission requirement
Proposal 5:for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR2, propose to reuse the UE transmitter spurious emission requirement;

	
	

	
	

	Receiver spurious emissions [ongoing]
	Agreement:
· Further study on scaling factor for receiver spurious emission requirement only.
R4-2313903
No agreement:
FFS for scaling factors for receiver spurious emission of NCR-Fwd type 1-H.

ZTE:
For the scaling factor for the receiver spurious emission requirement, we propose the following approach similar as agreement reached for Repeater output power.
Regarding the concerns on the scaling factors from receiver side or especially from uplink direction part, if we check the both BS specification and UE specification. The scaling factors in the uplink direction are still allowed in the spec if there are no regulatory restriction for it. At least WA and MR NCR-Fwd, the scaling factors for receiver spurious emission should be allowed. 
However for Local area NCR-Fwd, from DL direction, receiver spurious emission requirement is somehow similar as UE receiver spurious emission requirement. In the current UE specification, UE receiver spurious emission requirement is still defined on each antenna connector instead of sum of antenna connector, therefore we think that scaling factor could be allowed for it. 
For Local area NCR-Fwd in the UL direction, thiis is somehow similar as UE transmitter spurious emission requirement where no scaling factors are allowed on the sum of antenna connectors. 
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Proposal 6:
for DL part (receiver spurious emission requirement):
· To follow the option ;
NTXU,counted = min(NTXU,active , 8*Ncells) for Wide area and Medium range NCR-Fwd
NTXU,counted = min(NTXU,active , 4*Ncells) for local area  NCR-Fwd
For UL part (receiver spurious emission requirement):
· For wide area NCR-fwd link, NTXU,counted = min(NTXU,active , 8) for emission requirement only;
· For local area NCR-fwd link,  without scaling factor;

	Error Vector Magnitude
[complete]
	Agreement (complete):  
To reuse the Rel-17 repeater type 1-C requirement f
or each TAB connector of NCR-Fwd type 1-H;

	
	

	
	

	Input intermodulation
[complete]
	Agreement (complete): 
To reuse the Rel-17 repeater type 1-C requirement 
for each TAB connector of NCR-Fwd type 1-H;

	
	

	
	

	Output intermodulation
[complete]
	Agreement (complete): 
To reuse the Rel-17 repeater type 1-C requirement 
for each TAB connector of NCR-Fwd type 1-H;

	
	

	
	

	Adjacent Channel Rejection Ratio (ACRR)
[complete]
	Agreement (complete): 
 Reuse the Rel-17 repeater type 1-C requirements 

	Transmit ON/OFF power and transition period [complete]
	Agreement:
For NCR-MT and NCR-Fwd switch ON-OFF together, proposed to have further study for it;
For NCR-MT and NCR-Fwd switch ON-OFF individually, propose to Reuse the Rel-17 repeater type 1-C requirements; 
R4-2313903
Agreement:
For shared antenna connector for NCR-MT and NCR-Fwd backhual link, then transition period and transmit ON-OFF power could be defined together and tested together.
For transition period and OFF power requirement for NCR-Fwd type 1-H, propose to follow Rel-17 repeater requirement.


	OTA output power(EIRP)  [complete]
	Agreement (complete): 
Define the requirement based on EIRP manufacturer
 declaration, with the accuracy of the declared output power value (Prated,p,EIRP). 
Reuse the ±2.2dB and ±2.7dB from the BS type 1-H in sub-clause 9.2.2 of TS 38.104  for normal test conditions and extreme test condition, respectively.



Table 2.1.2. summary of the proposals for NCR-Fwd link type 1-O

	For NCR-Fwd type 1-O
	Agreement

	RF requirements
	

	Repeater output power (ongoing)
	Agreement:  (ongoing)
for DL part:
· To follow the option 2 with 9dB scaling factor;
For UL part:
· FFS
R4-2313903
Agreement:
 repeater radiated output power in the UL part:
· For wide area NCR-fwd link, X=9dB;
· For local area NCR-fwd link, X=[6] dB;

ZTE:
Similar as the analysis for NCR-Fwd type 1-H, based on the agreement reached for NCR-Fward link:
Proposal 7: repeater radiated output power in the UL part:
· For local area NCR-fwd link, X=6dB;
Proposal 3a repeater radiated output power in the DL part:
· For Wide area and medium range NCR-fwd link, X=9dB;
· For Local area NCR-fwd link, X=6dB;


	Frequency stability [complete]
	Agreement (complete): 
Reuse OTA frequency stability for repeater type 1-C 
specified in sub-clause 7.3.2 of TS 38.106.

	Out of band gain [complete]
	Agreement(complete): 
1) Reuse the Rel-17 repeater type 1-C requirements
 for NCR-Fwd type 1-H and 1-O;
2) define the gain for OOB gain
as the ratio of TRP output power to directional input power in the same manner as for 2-O.

	Adjacent Channel Leakage Power Ratio
	Agreement: (ongoing)
1) for relative ACLR value, to reuse the Rel-17 repeater type 1-C requirements for NCR-Fwd type 1-H and 1-O
2) for absolute ACLR limits in the downlink part, to follow the 9dB scaling factor, however for uplink, it's FFS
R4-2313903
Agreement:
 for the absolute ACLR limit for NCR type 1-O, the scaling factor should be 
· For wide area NCR-fwd link, X=[9]dB;
· For local area NCR-fwd link, X=[6]dB;

ZTE:
To align with agreement reached for NCR-Fwd type 1-H: 
Proposal 8: for the absolute ACLR limit for NCR type 1-O, the scaling factor should be 
· For wide area NCR-fwd link, X=9dB;
· For medium range NCR-fwd link DL, X=9dB;
· For local area NCR-fwd link, X=6dB for DL and 0dB for UL;


	
	

	
	

	Operating band unwanted emissions [ongoing]
	Agreement:  (ongoing)
for NCR-Fwd downlink OBUE requirement, to follow the 9dB scaling factor, 
for NCR-Fwd uplink OBUE requirement, FFS on the scaling factor;
R4-2313903
Agreement:
for OBUE requirement of uplink transmission of NCR-Fwd type 1-O, propose to have the the same scaling factor for NCR-Fwd uplink transmission output power:
· For wide area NCR-fwd link, X=[9]dB;
· For local area NCR-fwd link, X=[6]dB;

ZTE:
Similar as the analysis for NCR-Fwd type 1-H, we made the following proposal:
Proposal 9: for OBUE requirement of uplink transmission of NCR-Fwd type 1-O, propose to have the the following scaling factor:
· For wide area NCR-fwd link, X=9dB;
· For medium range NCR-fwd link DL, X=9dB;
· For local area NCR-fwd link, X=6dB for DL and 0dB for UL


	
	

	
	

	Transmitter spurious emissions
	Agreement:
· Further study on scaling factor for transmitter spurious emission requirement only. 
Agreement:
 for transmitter spurious emission requirements for NCR-Fwd type 1-O, propose to have the the same scaling factor for NCR-Fwd uplink transmission output power:
for DL part:
· To follow the option 2 with 9dB scaling factor;
For UL part:
· For wide area NCR-fwd link, X=[9]dB;
· For local area NCR-fwd link, X=[6]dB;
ZTE:
Similar as the analysis for NCR-Fwd type 1-H, we made the following proposal:
Proposal 10: for transmitter spurious emission requirements for NCR-Fwd type 1-O, propose to have the the same scaling:
· For wide area NCR-fwd link, X=9dB;
· For medium range NCR-fwd link DL, X=9dB;
· For local area NCR-fwd link, X=6dB for DL and 0dB for UL


	Receiver spurious emissions[ongoing]
	Agreement:
· Further study on scaling factor for receiver spurious emission requirement only.
· For receiver spurious emission requirement, we need to wait for the conclusion of type declaration of NCR-MT and NCR-Fwd.
Proposal 11:
for DL part (receiver spurious emission requirement):
· To follow the option ;
X= 9dB for Wide area and Medium range NCR-Fwd
X = 6dB for local area NCR-Fwd
For UL part (receiver spurious emission requirement):
· For wide area NCR-fwd link, X=9dB for emission requirement only;
· For local area NCR-fwd link,  X=0dB;

	Error Vector Magnitude [complete]
	Agreement:
· Further study
R4-2313903
Agreement for EVM:
G_Rx_Ant:  based on the sub-array:
3dB contour of sub-array is left up to the declaration and other approaches are not precluded.
  


	
	

	
	

	Input intermodulation [complete]
	Agreement:
· Further study
R4-2313903
Agreement for Input intermodulation: 
Agreement:
G_Rx_Ant:  based on the whole antenna array:
· 3dB contour of whole antenna array  is left up to the declaration
· EIRP and TRP approach
· other approaches are  not precluded.


Agreement:
 Use the co-location reference antenna for other Co-location with BS/repeater in other systems and Co-existence with other systems requirement.




	Output intermodulation [complete]
	Agreement:
· RAN4 should discuss further how to define and apply co-location requirements (for emissions and output intermodulation) considering the complexities of needing both a reference co-location antenna and of supplying a stimulus signal to the repeater.
R4-2313903
Agreement:
 Use the co-location reference antenna for the output intermodulation requirement for NCR Fwd type is type 1-O
.

	Adjacent Channel Rejection Ratio (ACRR)
 [complete]s
	Agreement (complete): 
 Reuse the Rel-17 repeater type 1-C requirements 

	Transmit ON/OFF power and transition period  [complete]
	
Agreement:
For transition period for NCR-Fwd type 1-O, propose to follow Rel-17 repeater requirement and OFF-power requirement could be based on co-location reference antenna with its OFF power as -106dBm/MHz.
Requirement could be applicable for both individual NCR-MT and NCR-Fwd testing and joint testing for NCR-MT and NCR-Fwd when they are switched ON-OFF together.



Conclusions
In this contribution, we want to share further views on RF requirement for NCR-Fwd and proposals are made shown in the Table 2.1.1 for NCR-Fwd type 1-H and Table 2.1.2 for NCR-Fwd type 1-O,
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754222 OTA transmitter spurious emissions (Category A)
‘The power of any spurious emission shll not exceed the limits in table 7.5.4.2.2-1

Table 7.5.4.2.2.2-1: Repeater radiated Tx spurious emission limits in FR2

Frequency range Timit Weasurement Note
Bandwidth
30 Mz —1 GHz EEK:) 00 kfz Note 1
7 GHz - 27 harmonic of TNz Note 1. Note 2
the upper frequency edge
ofthe passband
NOTE 1- Bandwidth as in TU-R SM 329 [3]. 54.1
NOTE 2 Upper frequency as in [TU-R SM.329 [5], 52.5 table 1
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754223 OTA transmitter spurious emissions (Category B)
‘The power of any spurious emission shall not exceed the limis in table 7.5.4223-1

Table 7.5.4.2.2.3-1: Repeater radiated Tx spurious emission limits in FR2 (Category B)

Frequency range Cimit Weasurement Note
(Note 4) Bandwidth
30 MHz o 1GHz 36 dBm 00 Kz Note 1
GHz o 18 GHz 30 dBm TNz Note 1
18 GHz © Fsepr 20 dBm 70 Mz Note 2
Faept © Fasp2 15 dbm 70 Mz Note 2
Faepz © Fmpe =10 dbm 70 Mz Note 2
Frept © Faso 10 dbm 70 Wz Note 2
Faeps © Fspo 5 dbm 70 Mz Note 2
Famo < 27 hamonic of 20 dBm 0 MHz Note 2. Note 3
the upper frequency edge
ofthe passband

NOTE 1. Bandwidth as in TUR SNL329 [5] .1

NOTE 2 Limit and bandwidth as in ERC Recommendation 74-01 [9], Annex 2.
NOTE 3 Upper frequency as in ITU-R SM.329 [3], 52.5 table 1

NOTE 4: _The step frequencies Fscox are defined in Table 7.5.4.2.2.3-2.

Table 7.5.4.2.2.3-2: Step frequencies for defining the Repeater radiated Tx spurious emission limits i

FR2 (Category B)
Operating band Fetept Fetep2 Feteps Feteps Foms s
(GHz) (GHz) (GHz) (GHz) (GHz) (GHz)
(Note 2) (Note 2)
n258 18 21 2275 29 30.75 405
n259 235 355 38 45 475 595

NOTE T Fyep are based on ERC Recommendation 74-07 [9], Annex 2.
NOTE 2 Fyega and Fgaps are aligned with the values for Afogug in Table 7,511
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Table 6.5.3-2: Spurious emissions limits

Frequency Range Maximum Measurement
Level bandwidth
30 MHz < f < 1000 MHz -36 dBm. 100 kHz
1GHz <f<12.75 GHz -30 dBm. 1 MHz
1275 GHz << 2™
harmonic of the upper
frequency edge of the -13dBm. 1 MHz

UL operating band in
GHz
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7.6.4  Minimum requirement for BS type 1-H

‘The RX spurious emissions requirements for BS fype 1-H are that for each applicable basic limit specifiedin table 7.6.2-
1 for each 4B connector RX min cell group, the power sum of emissions at respective T45 comneciors shall not exceed
the BS limits specified as the basic Jimifs + X, where X = 10logio(Natu soussstperca). unless stated differentlyin regional

regulation.
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7.9 Spurious emissions
‘The spurious emissions power s the power of emissions generated or amplified in a receiver that appear atthe UE.

‘antenna connector.
The porwer of any nastor band CW spurics emission shall not exceed the maximum level specifiedin Table 7.9-1

Table 7.9-1: General receiver spurious emission requirements

Frequency range Measurement | Maximum NOTE
bandwidth level
30 Mz £ 7< 1 GHz 00 kiz 57 dBm
TGHz = 1=1275 GHz TNz 47 dbm
275 GHz == 5" harmonic. TNz 47 dBm z

ofthe upper frequency edge
ofthe DL operating band in
Ghz

2,75 GHz — 2% GHz Tz 47 dBm 3

NOTE 1: Unused PDCCH resources are padded with resource element groups with power level given
by PDCCH as defined in Annex C.3.1

NOTE 2: Applies for Band that the upper frequency edge of the DL Band more than 269 GHz.
NOTE 3:_Applies for Band that the upper frequency edge of the DL Band more than 52 GHz





