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1. Introduction
In RAN4 #106 meeting, A WF [1] on NCR system parameters and RF requirements was agreed. Some remaining issues concerning NCR-Fwd in WF need further discussion in next meeting.
In this contribution, we provide our views on remaining issues for RF requirements for NCR-Fwd.
2. Discussion
2.1 Conducted and radiated requirement reference points for NCR
Since in RAN4#106 meeting, it was agreed that for NCR: 1-C, 1-H, 1-O and 2-O need to be specified. Therefore it is proposed to use Figures 2-1, 2-2, and 2-3 to define conduced and radiated requirement reference points for NCR.
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Figure 2-1 Conducted reference points for NCR type 1-C
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Figure 2-2 Radiated and conducted reference points for NCR type 1-H
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Figure 2-3 Radiated reference points for NCR type 1-O and NCR type 2-O



Proposal 1: Adopt Figures 2-1, 2-2, and 2-3 to define conduced and radiated requirement reference points for NCR.

2.2 Repeater classes and its declaration for NCR
As per the WF [1], the remaining issues concerning repeater class and its declaration are shown as below:
	· Agreement:
· For NCR: 1-C, 1-H and 1- O and 2-O need to be specified. 
· FFS whether separate declaration needed for MT, NW side and UE side at fwd. link for FR1 NCR 



In TS 38.106, the Repeater class for downlink and Repeater class for uplink were separately defined. For NCR, the same class definition approach can be reused. Since NCR includes NCR-Fwd DL, NCR-Fwd UL and NCR-MT, So repeater class for Fwd for downlink, Repeater class Fwd for uplink and Repeater class for MT can be separately defined, i.e. repeater class: wide-area and local area (for Fwd for DL, Fwd for UL, and MT), medium range (for Fwd for DL).
Proposal 2: For NCR, repeater class for Fwd for downlink, Repeater class for Fwd for uplink and Repeater class for MT can be separately defined.

2.3 RF requirements for NCR type 1-C Fwd
For NCR type 1-C Fwd，the  conducted requirement for repeater 1-C specified in sub-clause 6 of TS 38.106 can be reused for NCR type 1-C Fwd.
Proposal 3: The conducted requirement for repeater 1-C specified in sub-clause 6 of TS 38.106 can be reused for NCR type 1-C Fwd.

2.4 RF requirements for NCR type 1-H Fwd
Our analysis and views for RF requirements for NCR type 1-H Fwd are provided in Table 2-1.
Table 2-1 Summary of proposals for RF requirements for NCR type 1-H Fwd
	Requirement
	Proposals

	Repeater output power( for DLtransmission, for UL transmission)
	1) For DL transmission
    Reuse BS type 1-H rated output power limits for BS classes in Table 6.2.1-2 of sub-clause 6.2.1 in TS38.104 + X, where X = 10*log (ceil (passband bandwidth/20MHz)). Reuse the ±2.0dB and ±2.5dB accuracy from the BS type 1-H in sub-clause 6.2.3 of TS 38.104 for normal test conditions and extreme test conditions, respectively. This requirement for NCR type 1-O is as below:

Repeater type 1-H DL  transmission classes rated output power limits for repeater classes
	Repeater class
	Prated,p,sys
	Prated,p,TABC

	Wide Area BS
	Note 1
	Note 1

	Medium Range BS
	≤ 38 dBm +10log(NTXU,counted) + X, Note 2
	≤ 38 dBm+ X, Note 2

	Local Area BS
	≤ 24 dBm +10log(NTXU,counted) + X, Note 2
	≤ 24 dBm+ X, Note 2

	NOTE1:	There is no upper limit for the Prated,p,sys or Prated,p,TABC of the Wide Area Repeater.
NOTE2:  X = 10*log (ceil (passband bandwidth/20MHz))



2) For UL transmission
Reuse minimum requirement for repeater type 1-C specified in sub-clause 6.2.2 of TS 38.106 for each TAB connector, and add Prated,p,sys  with considering  10log(NTXU,counted) scaling. Reuse the ±2.0dB and ±2.5dB accuracy from the BS type 1-H in sub-clause 6.2.3 of TS 38.104 for normal test conditions and extreme test conditions, respectively. This requirement for NCR type 1-O is as below:
Repeater type 1-H UL transmission classes rated output power limits for repeater classes
	Repeater class
	Prated,p,sys
	Prated,p,TABC

	Wide Area repeater
	Note 1
	Note 1

	Local Area repeater
	≤ 24 dBm + 10log(NTXU,counted) + X, Note 2
	≤ 24 dBm+ X, Note 2

	NOTE 1:	There is no upper limit for the Prated,p,TABC rated passband output power of the Wide Area repeater.
NOTE 2:	X = 10*log (ceil (passband bandwidth/20MHz))





	Frequency stability
	Reuse frequency stability for repeater type 1-C specified in sub-clause 6.3.2 of TS 38.106.

	Out of band gain
	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
	Reuse the approach from BS type 1-H in sub-clause 6.6.3.4 of TS 38.104. 
1) Use ACLR(CACLR) limits for repeater type 1-C specified in sub-clauses 6.5.2.2 of TS 38.106 as ACLR(CACLR) basic limits. This  ACLR (CACLR) basic limits, whichever is less stringent, shall apply for each TAB connector TX min cell group for NCR 1-H.
[bookmark: _Hlk508124720]2) Use ACLR(CACLR) absolute basic limits for repeater type 1-C specified in sub-clauses 6.5.2.2 of TS 38.106 as ACLR(CACLR) absolute basic limits. This ACLR (CACLR) absolute basic limits + X (where X = 10log10(NTXU,countedpercell)), whichever is less stringent, shall apply for each TAB connector TX min cell group for NCR 1-H.

	Operating band unwanted emissions
(Minimum requirements Category A, Minimum requirements Category B, Minimum requirements for additional requirements, Minimum requirements inside passband with no UL input signal)
	Reuse the approach from BS type 1-H in sub-clause 6.6.4.4 of TS 38.104.
 Use 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. The power summation emissions at the TAB connectors of the TAB connectors of each TAB connector TX min cell group shall not exceed a limit specified as the basic limit + X, where X = 10log10(NTXU,countedpercell), unless stated differently in regional regulation.

	Transmitter spurious emissions
(General transmitter spurious emissions requirements, Additional spurious emissions requirements, Co-location with base stations and repeater type 1-C Nodes)
	Reuse the approach from BS type 1-H in sub-clause 6.6.5.4 of TS 38.104. 
Use transmitter spurious emissions for repeater type 1-C specified in sub-clauses 6.5.4.2.1, 6.5.4.2.2 and 6.5.4.2.3 of TS 38.106 as basic limit. The power summation emissions at the TAB connectors of the TAB connectors of each TAB connector TX min cell group shall not exceed a limit specified as the basic limit + X, where X = 10log10(NTXU,countedpercell), unless stated differently in regional regulation.

	Receiver spurious emissions
	Reuse the approach from BS type 1-H in sub-clause 7.6.4 of TS 38.104. 
Use Receiver spurious emissions for repeater type 1-C specified in sub-clause 6.5.5.2 of TS 38.106 as basic limit. The power sum of emissions at respective TAB connectors for each TAB connector RX min cell group shall not exceed the BS limits specified as the basic limits + X, where X = 10log10(NRXU,countedpercell), unless stated differently in regional regulation.

	Error Vector Magnitude(Downlink repeater error vector magnitude, Uplink repeater error vector magnitude)
	1) Downlink repeater error vector magnitude
Reuse minimum input power for repeater specified in sub-clause 6.6.1.1 of TS 38.106 type 1-C for each TAB connector of NCR type 1-H Fwd DL.
Reuse EVM for repeater type 1-C specified in sub-clause 6.6.1.2 of TS 38.106 for each TAB connector of NCR type 1-H Fwd DL.
2) Uplink repeater error vector magnitude
Reuse minimum input power for repeater type 1-C specified in sub-clause 6.6.2.1 of TS 38.106 for each TAB connector of NCR type 1-H Fwd UL.
Reuse EVM for repeater type 1-C specified in sub-clause 6.6.2.2 of TS 38.106 for each TAB connector of NCR type 1-H Fwd UL.

	Input intermodulation(General requirement, Co-location with BS/repeater in other systems, Co-existence with other systems)
	1) General requirement
Reuse input intermodulation (General requirement) for repeater type 1-C specified in sub-clause 6.7.1.2 of TS 38.106 for each TAB connector.
2) Co-location with BS/repeater in other systems
     Reuse input intermodulation (Co-location with BS/repeater in other systems) for repeater type 1-C specified in sub-clause 6.7.2.2 of TS 38.106 for each TAB connector.
3) Co-existence with other systems
      Reuse input intermodulation (Co-existence with other systems) for repeater type 1-C specified in sub-clause 6.7.3.2 of TS 38.106 for each TAB connector.

	Output intermodulation(Minimum requirements(Co-location),Intra-system minimum requirements, Additional requirements)
	1) Minimum requirements(Co-location)
Reuse output intermodulation (minimum requirements (Co-location) ) for repeater type 1-C specified in sub-clause 6.8.2.1 of TS 38.106 for each TAB connector.
2) Intra-system minimum requirements
   Reuse intra-system minimum requirement for BS type 1-H specified in sub-clause 6.7.3.2 of TS 38.104.
3) Additional requirements
Reuse output intermodulation (additional requirements) for repeater type 1-C specified in sub-clause 6.8.2.2 of TS 38.106 for each TAB connector.

	Adjacent Channel Rejection Ratio (ACRR)
	Reuse ACRR for repeater type 1-C specified in sub-clause 6.9.2 of TS 38.106 for each TAB connector.

	Transmit ON/OFF power(Transmitter OFF power, Transmitter transient period)
	1) Transmitter OFF power:
Reuse transmitter OFF power for BS type 1-H specified in sub-clause 6.4.1.3 of TS 38.104.
2) Transmitter transient period
     Reuse transmitter transient period for BS type 1-H specified in sub-clause 6.4.2.2 of TS 38.104.

	OTA output power(EIRP)
	1) EIRP
   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.



Proposal 4: For RF requirements for NCR type 1-H Fwd, adopt Table 2-1 as starting point.

2.5 RF requirements for NCR type 1-O Fwd
Our analysis and views for RF requirements for NCR type 1-O Fwd are provided in Table 2-2.
Table 2-2 Summary of proposals for RF requirements for NCR type 1-O Fwd
	Requirement
	Proposals

	OTA output power(EIRP for DL, TRP for DL, EIRP for UL, TRP for UL)
	1) EIRP for DL
     Define the requirement based on EIRP manufacturer declaration, reuse the ±2.2dB and ±2.7dB EIRP accuracy from the BS type 1-O in sub-clause 9.2.2 of TS 38.104 for normal test conditions and extreme test conditions, respectively.
2) TRP for DL
Use Prated,p,AC for repeater 1-C DL in Table 6.2.1-1 of sub-clause 6.2.1 of TS 38.106 + 9dB scaling factor as Prated,p,TRP for  NCR type 1-O Fwd DL.   Reuse the ±2.0dB TRP accuracy from the BS type 1-O in sub-clause 9.3.2 of TS 38.104 for normal test conditions. This requirement for NCR type 1-O is as below:

   Repeater rated carrier TRP output power limits for NCR type 1-O Fwd DL transmission
	Repeator class
	Prated,p,TRP

	Wide Area 
	(note 1)

	Medium Range
	≤ + 47 dBm +X (note 2)

	Local Area
	≤ + 33 dBm +X (note 2)

	NOTE1:	There is no upper limit for the Prated,p,TRP of the Wide Area Repeater.
NOTE 2:	X = 10*log (ceil (passband bandwidth/20MHz))



3) EIRP for UL
Define the requirement based on EIRP manufacturer declaration, with the accuracy of the declared output power value(Prated,p,EIRP) reusing the ±2.2dB and ±2.7dB from the BS type 1-O in sub-clause 9.2.2 of TS 38.104 for normal test conditions and extreme test conditions, respectively.
4) TRP for UL
Use Prated,p,AC for repeater 1-C UL in Table 6.2.1-2 of sub-clause 6.2.1 of TS 38.106 + 9dB scaling factor as Prated,p,TRP for  NCR type 1-O Fwd UL. Reuse the ±2.0dB TRP accuracy from the BS type 1-O in sub-clause 9.3.2 of TS 38.104 for normal test conditions. This requirement for NCR type 1-O is as below:
Repeater rated carrier TRP output power limits for NCR type 1-O Fwd UL transmission
	Repeator class
	Prated,p,TRP

	Wide Area 
	(note 1)

	Local Area
	≤ + 33 dBm +X (note 2)

	NOTE1:	There is no upper limit for the Prated,p,TRP of the Wide Area Repeater.
NOTE 2:	X = 10*log (ceil (passband bandwidth/20MHz))





	OTA frequency stability
	Reuse OTA frequency stability for repeater type 1-C specified in sub-clause 7.3.2 of TS 38.106.

	OTA out of band gain
	Reuse OTA out of band gain for repeater type 1-C specified in sub-clause 6.4.2 of TS 38.106.

	OTA Adjacent Channel Leakage Power Ratio
	Reuse the approach from BS type 1-O in sub-clause 9.7.3.2 of TS 38.104. 
1) Use ACLR(CACLR) limits for repeater type 1-C specified in sub-clauses 6.5.2.2 of TS 38.106 as ACLR(CACLR) basic limits. This ACLR (CACLR) basic limits, whichever is less stringent, shall apply NCR 1-O.
2) Use ACLR(CACLR) absolute basic limits for repeater type 1-C specified in sub-clauses 6.5.2.2 of TS 38.106 as ACLR(CACLR) absolute basic limits. This ACLR (CACLR) absolute basic limits + X (where X = 9), whichever is less stringent, shall apply for NCR 1-O.

	OTA Operating band unwanted emissions
(OTA OBUE Category A, OTA OBUE Category B, Additional OTA OBUE requirements)
	Reuse the approach from BS type 1-O in sub-clause 9.7.4.2 of TS 38.104.
 Use OTA Operating band unwanted emissions for repeater type 1-C specified in sub-clauses 6.5.3.2.1 - 6.5.3.2.5 of TS 38.106 as basic limit. The TRP power of any unwanted emission shall not exceed a limit specified as the basic limit + X, where X = 9, unless stated differently in regional regulation.

	OTA Transmitter spurious emissions
(General OTA　transmitter spurious emissions requirements, Additional OTA spurious emissions requirements)
	Reuse the approach from BS type 1-O in sub-clause 9.7.4.3 of TS 38.104. 
Use OTA Transmitter spurious emissions for repeater type 1-C specified in sub-clauses 6.5.4.2.1, 6.5.4.2.2 and 6.5.4.2.3 of TS 38.106 as basic limit. The TRP power of any spurious emission shall not exceed a limit specified as the basic limit + X, where X = 9, unless stated differently in regional regulation.

	OTA Error Vector Magnitude(Downlink repeater error vector magnitude, Uplink repeater error vector magnitude)
	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.

	OTA input intermodulation
	1) General requirement
Reuse general requirement for repeater type 2-O approach for NCR type 1-O.
Use Interfering Signal Levels for repeater type 1-C specified in Table 6.7.1.2-1 in sub-clause 6.7.1.2 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:
Input intermodulation requirement
	f1 offset
	Interfering Signal Levels
	Type of signals
	Measurement bandwidth

	1 MHz
	-40 dBm  - GRX_ANT
	2 CW carriers
	1 MHz



2) Co-location with BS/repeater in other systems
     This requirement is co-location requirement, which is from co-location minimum requirement of out-of-band blocking of BS in TS 38.104. Reuse co-location minimum requirement of out-of-band blocking for BS type 1-O for NCR type 1-O.
Use interfering signal mean power for repeater type 1-C specified in Table 6.7.2.2-1 in sub-clause 6.7.2.2 of TS 38.106 +30 dB as interfering signal mean power for NCR type 1-O Fwd DL. This interferer power levels are specified at the co-location reference antenna conducted input. This requirement for NCR type 1-O is as below:
Input intermodulation requirement for NR repeater DL when co-located with BS/repeater in other frequency bands.
	Frequency range of interfering signal
	Interfering signal mean power for repeater with WA UE side (dBm)
	Interfering signal mean power for repeater with MR UE side(dBm)
	Interfering signal mean power for repeater with LA UE side(dBm)
	Type of interfering signals

	Frequency range of co-located BS’s downlink operating band or located repeater’s passband
	46
	38
	24
	2 CW carriers

	NOTE 1:	The requirement does not apply when the interfering signal falls within the passband.
NOTE 2:	For unsynchronized base stations (except in band n46, n96, and n102) or repeaters, special co-location requirements may apply that are not covered by the 3GPP specifications.



Use interfering signal mean power for repeater type 1-C specified in Table 6.7.2.2-2 in sub-clause 6.7.2.2 of TS 38.106 +30 dB as interfering signal mean power for NCR type 1-O Fwd UL. This interferer power levels are specified at the co-location reference antenna conducted input. This requirement for NCR type 1-O is as below:
Input intermodulation requirement for NR repeater UL when co-located with BS/repeater in other frequency bands.
	Frequency range of interfering signal
	Interfering signal mean power for repeater with WA BS side(dBm)
	Interfering signal mean power for repeater with LA BS side(dBm)
	Type of interfering signals

	Frequency range of co-located BS’s downlink operating band or located repeater’s passband
	46
	Prated,p,TRP 
	2 CW carriers

	NOTE 1:	The requirement does not apply when the interfering signal falls within the passband.
NOTE 2:	For unsynchronized base stations (except in band n46, n96, and n102) or repeaters, special co-location requirements may apply that are not covered by the 3GPP specifications.



3) Co-existence with other systems
    Use interfering signal mean power for repeater type 1-C specified in Table 6.7.3.2-1 in sub-clause 6.7.3.2 of TS 38.106 +30 dB as interfering signal mean power for NCR type 1-O Fwd. This interferer power levels are specified at the co-location reference antenna conducted input. This requirement for NCR type 1-O is as below:
Input intermodulation requirement for NR repeater when co-exist with BS/repeater in other non-overlapping frequency bands
	Frequency range of interfering signal
	Interfering signal mean power (dBm)
	Type of interfering signals
	Measurement bandwidth

	Frequency range of co-existence system operating band
	15
	2 CW carriers
	1MHz

	NOTE 1:	All the interfering signals should be limited into the frequency ranges that are either X MHz higher than FUL,high or X MHz lower than FUL,low, where X equals to 20MHz when FUL,high - FUL,low is not larger than 200MHz, otherwise X equals to 60MHz 




	Output intermodulation(Minimum requirements(Co-location))
	1) Minimum requirements(Co-location)
Reuse OTA transmitter intermodulation for BS type 1-O specified in sub-clause 9.8.2 of TS 38.104.  And an interfering signal is injected into the co-location reference antenna.

	OTA Adjacent Channel Rejection Ratio (ACRR)
	Reuse ACRR for repeater type 1-C specified in sub-clause 6.9.2 of TS 38.106.

	OTA Transmit ON/OFF power(OTA Transmitter OFF power, OTA Transmitter transient period)
	1) OTA Transmitter OFF power:
Reuse OTA transmitter OFF power for BS type 1-O specified in sub-clause 9.5.2.2 of TS 38.104. The total power from all co-location reference antenna conducted output(s) shall be less than -106 dBm/MHz.
2) OTA Transmitter transient period
     Reuse OTA transmitter transient period for BS type 1-O specified in sub-clause 9.5.3.2 of TS 38.104. Transient period length (µs) is 10us.




Proposal 5: For RF requirements for NCR type 1-O Fwd, adopt Table 2-2 as starting point.

2.6 RF requirements for NCR type 2-O Fwd
For NCR type 2-O Fwd，the  radiated requirement for repeater 2-O specified in sub-clause 7 of TS 38.106 can be reused for NCR type 2-O Fwd.
Proposal 6: The radiated requirement for repeater 2-O specified in sub-clause 7 of TS 38.106 can be reused for NCR type 2-O Fwd.

3. Conclusion
This contribution provides our consideration on RF requirements for NCR-Fwd. The following proposals are concluded as follows:
Proposal 1: Adopt Figures 2-1, 2-2, and 2-3 to define conduced and radiated requirement reference points for NCR.
[bookmark: _GoBack]Proposal 2: For NCR, repeater class for Fwd for downlink, Repeater class for Fwd for uplink and Repeater class for MT can be separately defined.
Proposal 3: The conducted requirement for repeater 1-C specified in sub-clause 6 of TS 38.106 can be reused for NCR type 1-C Fwd.
Proposal 4: For RF requirements for NCR type 1-H Fwd, adopt Table 2-1 as starting point.
Proposal 5: For RF requirements for NCR type 1-O Fwd, adopt Table 2-2 as starting point.
Proposal 6: The radiated requirement for repeater 2-O specified in sub-clause 7 of TS 38.106 can be reused for NCR type 2-O Fwd.
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