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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]
	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) ;

	Frequency stability
	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
	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
	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) ;


	
	

	
	

	Operating band unwanted emissions 
	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; 

	
	

	
	

	Transmitter spurious emissions
	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; 
ZTE:
It should be noted that Rel-16 repeater transmitter spurious emission requirement in the uplink direction is to follow the UE spurious emission regardless of repeater Class in FR1 and to follow the BS spurious emission requirement regardless of repeater class in FR2. 

For Wide area NCR with forward link and NCR-MT transmission simultaneously, then it should follow the legacy BS spurious emission requirement; 
For Local area NCR, the transmitter spurious emission requirement for NCR-MT is still under the discussion. We made the following proposals in the companion contribution in [xx] as following:
Proposal 4a: for Wide area NCR-MT transmitter spurious requirement, propose to reuse the legacy repeater uplink transmitter spurious emission requirement. 
Proposal 4b: for local area NCR-MT transmitter spurious requirement, propose to reuse the legacy UE transmitter spurious emission requirement. 

	FR1
	FR2-1

	Fwd:  the UE spurious emission
	 BS spurious emission requirement

	NCR-MT: uplink transmitter spurious emission requirement/. 
	UE spurious emission requirement



Therefore for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR1,  it should be okay to either go with uplink transmitter spurious emission requirement or UE spurious emission requirement.
for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR2, it should be okay to go with repeater spurious emission requirement which is slightly higher than UE side in 30MHz-1GHz freq range.

Proposal 1a: for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR1,  it should be okay to either go with uplink transmitter spurious emission requirement or UE spurious emission requirement.
Proposal 1b:for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR2, it should be okay to go with repeater spurious emission requirement.


	
	

	
	

	Receiver spurious emissions
	Agreement:
· Further study on scaling factor for receiver spurious emission requirement only.
ZTE:
For the scaling factor for the receiver spurious emission requirement, we propose the following approach similar as agreement reached for Repeater output power
Proposal 2:
for DL part (receiver spurious emission requirement):
· To follow the option 2;
NTXU,counted = min(NTXU,active , 8*Ncells) 
For UL part (receiver spurious emission requirement):
· 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) ;

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

	
	

	
	

	Output intermodulation
	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)
	Agreement (complete): 
 Reuse the Rel-17 repeater type 1-C requirements 

	Transmit ON/OFF power and transition period
	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; 
ZTE:
For NCR-MT and NCR-Fwd switch ON-OFF together, this is possible especially for TDD bands.
For separate antenna connector for NCR-MT and NCR-Fwd backhual link, then transition period and transmit ON-OFF power could be defined separately and tested separately.
For shared antenna connector for NCR-MT and NCR-Fwd backhual link, then transmit ON-OFF power could be measured together and OFF-power could still follow the Rel-17 repeater output power since OFF output power is defined per MHz instead of per pass-band or per carrier. In other words, when NCR-MT and NCR-Fwd backhual link is switched ON together, then its overall OFF “PSD” could be same as the legacy OFF power. 
Proposal 3: 
For separate antenna connector for NCR-MT and NCR-Fwd backhual link, then transition period and transmit ON-OFF power could be defined separately and tested separately.
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)
	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
	Agreement:  (ongoing)
for DL part:
· To follow the option 2 with 9dB scaling factor;
For UL part:
· FFS
ZTE:
Similar as the analysis for NCR-Fwd type 1-H, based on the agreement reached for NCR-Fward link:
Proposal 4: repeater radiated output power in the UL part:
· For wide area NCR-fwd link, X=9dB;
· For local area NCR-fwd link, X=6dB;


	Frequency stability
	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
	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
ZTE:
Similar as the analysis for NCR-Fwd type 1-H, we made the following proposal:
Proposal 5: for the absolute ACLR limit for NCR type 1-O, the scaling factor should be 
· For wide area NCR-fwd link, X=9dB;
· For local area NCR-fwd link, X=6dB;


	
	

	
	

	Operating band unwanted emissions 
	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;
ZTE:
Similar as the analysis for NCR-Fwd type 1-H, we made the following proposal:
Proposal 6: 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=9dB;
· For local area NCR-fwd link, X=6dB;


	
	

	
	

	Transmitter spurious emissions
	Agreement:
· Further study on scaling factor for transmitter spurious emission requirement only. 
ZTE:
Similar as the analysis for NCR-Fwd type 1-H, we made the following proposal:
Proposal 7: 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=9dB;
· For local area NCR-fwd link, X=6dB;


	Receiver spurious emissions
	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.
ZTE:
First of all, if the NCR Fwd type is type 1-O, then OTA receiver spurious emission requirement could be avoided since the spurious emission measurement could be dominated by the transmitter spurious emission. 
In previous RAN4 meeting, there are two proposals that DL/UL output as OTA and DL/UL input as conducted, then receiver spurious emission could be measurable. However as analyzed in the companion contribution [xx], these will complicate the combination of NCR declarations e.g. type combinations and class combinations. If there are such kind of device types, then follow the type 1-C or type 1-H requirements.
Proposal 8: for the NCR Fwd type is type 1-O, propose to avoid the OTA receiver spurious emission requirements.
For DL/UL output as OTA and DL/UL input as conducted, then follow the type 1-C and type 1-H requirement . 


	Error Vector Magnitude
	Agreement:
· Further study

ZTE:
For EVM requirement for NCR-Fwd type 1-O, we propose to go with following proposals where GRX_ANT is the gain of the receive side antennas and is based on EIRP and TRP declaration from transmitter side which is the same as Rel-17 FR2 repeater EVM requirement.  
1) Downlink repeater error vector magnitude
Use minimum input power for repeater type 1-C specified in Table 6.6.1.1-1 in sub-clause 6.6.1.1 of TS 38.106 - GRX_ANT for NCR type 1-O Fwd DL. Where GRX_ANT is the gain of the receive side antennas and is based on EIRP and TRP declaration. This requirement for NCR type 1-O is as below:
Minimum input power for repeater EVM for Fwd DL
Repeater DL class Minimum input power spectral density (dBm/MHz)
 QPSK, 16 QAM, 64QAM 256QAM1
WA -82- GRX_ANT -75- GRX_ANT
MR -77- GRX_ANT -70- GRX_ANT
LA -74- GRX_ANT -67- GRX_ANT
Note 1: support of 256QAM is based on the declaration

Reuse EVM for repeater type 1-C specified in sub-clause 6.6.1.2 of TS 38.106 NCR type 1-O Fwd DL.

2) Uplink repeater error vector magnitude
Use minimum input power for repeater type 1-C specified in Table 6.6.2.1-1 in sub-clause 6.6.2.1 of TS 38.106 - GRX_ANT for NCR type 1-O Fwd UL. Where GRX_ANT is the gain of the receive side antennas and is based on EIRP and TRP declaration. This requirement for NCR type 1-O is as below:
Minimum input power for repeater EVM for Fwd UL
Repeater UL class Minimum input power spectral density (dBm/MHz)
 QPSK, 16 QAM, 64QAM 256QAM1
WA -82- GRX_ANT -75- GRX_ANT
LA -74- GRX_ANT -67- GRX_ANT
Note 1: support of 256QAM is based on the declaration
Reuse EVM for repeater type 1-C specified in sub-clause 6.6.2.2 of TS 38.106 for NCR type 1-O Fwd UL.
Proposal 9: for the NCR Fwd type is type 1-O, propose to follow the  Rel-17 repeater EVM requirement with its input power offset by GRX_ANT which is the gain of the receive side antennas and is based on EIRP and TRP declaration from transmitter side.  


	
	

	
	

	Input intermodulation
	Agreement:
· Further study
ZTE:
For the general input intermodulation requirement, we propose to use the GRX_ANT which the gain of the receive side antennas and is based on EIRP and TRP declaration from transmitter side as offset to the conducted power.
There are some proposals to use sub-array gain similar as ΔOTAREFSENS_for FR1 BS instead of the whole array gain which also seems reasonable. However this needs declarations of BeWθ,REFSENS, BeWφ,REFSENS which is not possible since we don’t have REFSENS requirement defined for Rel-17 repeater, or we could use 3dB beamwdith (BeWθ,input, BeWφ,input_) of Rel-17 repeater passive antenna 
	
Proposal 10a:
For the general input intermodulation requirement, propose to use the GRX_ANT which the gain of the receive side antennas and is based on EIRP and TRP declaration from transmitter side as offset to the conducted power
Proposal 10b:
For other Co-location with BS/repeater in other systems and Co-existence with other systems requirement, propose to use the following co-location reference antenna for requirement definition.
[image: C:\Users\10164284\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\BBB5BEFB.tmp]



	Output intermodulation
	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.
ZTE:
For the output intermodulation requirement, reference co-location antenna is used shown as following, however output power of co-location reference antenna could be also measured by measurement equipment which can be removed by the individual measurement for co-location reference antenna.
Proposal 11: for the output intermodulation requirement for NCR Fwd type is type 1-O, propose to use the following measurement setup for it.[image: C:\Users\10164284\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8F9EADC1.tmp]

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

	Transmit ON/OFF power and transition period
	ZTE:
Similar as the analysis for NCR-Fwd type 1-H, we made the following proposal:
Proposal 12:
For transition period for NCR-Fwd type 1-H, 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.


2.2. Dynamic beam related spec updates for NCR
First of all, in RAN4#104bis meeting, there were some initial discussion on how to specify the dynamic beamforming of NCR on top of Rel-17 repeater spec. However in the last RAN4 meeting, due to the limited time for online discussion, in the following section, we want to share our views for further discussions.
	Issue 2-4-1 Dynamic beamforming.  
· Agreement:
· no new requirement on top of Rel-17 needed as starting point. 
· Agree on directions (as indicated by CMCC R4-2215488) and declaration framework (as indicated by ZTE R4-2216553) as starting point, further details could be discussed further.


As summarized in the contribution [12], the following Rel-17 specification should be updated accordingly due to the dynamic beamforming of Rel-18.
Table 2.2-1. summarized spec updates for NCR dynamic beamforming
	Beam related requirements
	Requirements for repeater which may need to be updated for NCR
	NCR

	A set of declaration for each beam
	For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
	Sufficient for NCR beam related declaration

	Minimum requirement of output power
	The AoA of input signal shall be the same as the reference direction for the OTA peak directions set when operating in the opposite DL/UL direction.
	For NCR, input signal arrives from any direction within the OTA REFSENS RoAoA

	EVM
	OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range on the transmit side and the AoA of the incident wave of the received signal is in the reference direction at the receive side.
	For NCR, input signal arrives from any direction within the OTA REFSENS RoAoA

	Input intermodulation
	The requirement shall apply at the RIB when the AoA of the incident wave of a received signal and the interfering signal are from the same direction:
	From the receiver of NCR perspective, it should be okay to have same direction for received signals within pass-band and interfering signal outside pass-band.


	ACRR
	The requirement shall apply at the RIB when the AoA of the incident wave of a received signal in the passband and a received signal on an adjacent channel outside repeater passband is from the same direction and are the same as the TX reference direction for the opposite DL/UL setting.
	The last sentence ”the same as the TX reference direction for the opposite DL/UL setting” is not applicable for NCR



Proposal 13: propose to use the summarized spec updates for NCR dynamic beamforming in Table 2.2-1 for NCR dynamic beamforming.
Conclusions
In this contribution, we want to share further views on RF requirement for NCR-Fwd and proposals are made as following:
Proposal 1a: for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR1,  it should be okay to either go with uplink transmitter spurious emission requirement or UE spurious emission requirement.
Proposal 1b:for the simultaneous transmission of NCR-Fwd and NCR-MT part in FR2, it should be okay to go with repeater spurious emission requirement.
Proposal 2:
for DL part (receiver spurious emission requirement):
· To follow the option 2;
NTXU,counted = min(NTXU,active , 8*Ncells) 
For UL part (receiver spurious emission requirement):
· 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 3: 
For separate antenna connector for NCR-MT and NCR-Fwd backhual link, then transition period and transmit ON-OFF power could be defined separately and tested separately.
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.
Proposal 4: repeater radiated output power in the UL part:
· For wide area NCR-fwd link, X=9dB;
· For local area NCR-fwd link, X=6dB;
Proposal 5: for the absolute ACLR limit for NCR type 1-O, the scaling factor should be 
· For wide area NCR-fwd link, X=9dB;
· For local area NCR-fwd link, X=6dB;
Proposal 6: 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=9dB;
· For local area NCR-fwd link, X=6dB;
Proposal 7: 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=9dB;
· For local area NCR-fwd link, X=6dB;
Proposal 8: for the NCR Fwd type is type 1-O, propose to avoid the OTA receiver spurious emission requirements.
For DL/UL output as OTA and DL/UL input as conducted, then follow the type 1-C and type 1-H requirement . 
Proposal 9: for the NCR Fwd type is type 1-O, propose to follow the  Rel-17 repeater EVM requirement with its input power offset by GRX_ANT which is the gain of the receive side antennas and is based on EIRP and TRP declaration from transmitter side.  
Proposal 10a:
For the general input intermodulation requirement, propose to use the GRX_ANT which the gain of the receive side antennas and is based on EIRP and TRP declaration from transmitter side as offset to the conducted power
Proposal 10b:
For other Co-location with BS/repeater in other systems and Co-existence with other systems requirement, propose to use the following co-location reference antenna for requirement definition.
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Proposal 11: for the output intermodulation requirement for NCR Fwd type is type 1-O, propose to use the following measurement setup for it.
[image: C:\Users\10164284\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8F9EADC1.tmp]
Proposal 12:
For transition period for NCR-Fwd type 1-H, 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.
Proposal 13: propose to use the summarized spec updates for NCR dynamic beamforming in Table 2.2-1 for NCR dynamic beamforming.
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