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Introduction
The e-mail discussion covers RF part for NCR-fwd and NCR-MT in Rel-18 .
All contributions submitted are divided into the following Topics:
1.  Study of RF core and EMC requirements
Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2219374
	ZTE Corporation
	Discussion on RAN4 feature list for NCR-MT

	R4-2219805
	Nokia, Nokia Shanghai Bell
	Discussion on NR Network-controlled repeaters
Observation 1: Based on the agreements [4] made in RAN1 Meeting #110bis-e, the NCR-MT should be able to do UL communication (in C-link) with the gNB. 
Proposal 1: RAN4 should investigate whether existing transmission requirements specified for the UL transmission of the backhaul of the NCR-Fwd part can be applied as it is to the NCR-MT or whether additional requirements are needed to be specified. 
Proposal 2: To support the beamforming capability in FR1, RAN4 may need to consider introducing and specifying the necessary NCR types. These new NCR types could be Repeater type 1-H and type 1-O.
Proposal 3: RAN4 may consider the radiated reference points for NCR Repeater type 1-O as shown in Figure 1, and the conducted and radiated reference points for NCR Type 1-H as shown in Figure 2. 



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Beamforming capability for FR1 NCR
Sub-topic description:\
Open issues and candidate options before e-meeting:
Issue 1-1:  Beamforming capability for FR1 NCR
· Proposals 
· Proposal 1: To support the beamforming capability in FR1, RAN4 may need to consider introducing and specifying the necessary NCR types. These new NCR types could be Repeater type 1-H and type 1-O. [Nokia,R4-2219805]
· Proposal 2: RAN4 may consider the radiated reference points for NCR Repeater type 1-O as shown in Figure 1, and the conducted and radiated reference points for NCR Type 1-H as shown in Figure 2. [Nokia,R4-2219805]
· Proposal 3: NCR should support beamforming in FR1, i.e. 1-H and 1-O type NCR are needed.  [CMCC, R4-2218639]
· Proposal 4: for RF requirement for NCR Fwd link type 1-H and type 1-O,use the following table 2.5.1 as starting point for further discussion. [ZTE, R4-2219375]
· Recommended WF
· Companies’ views are encouraged during the meeting.

Sub-topic 1-2 System parameter for NCR-MT
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-2:  System parameter for NCR-MT
· Proposals
· Observation 1: NCR MT part has the information of BW, SCS related information. But forwarding part have no such information. [CMCC, R4-2218639]
· Proposal 1: it’s suggested to define BW, SCS, channel raster, synchronization raster related requirements for MT part. [CMCC, R4-2218639]
· Recommend
· Companies’ views are encouraged during the meeting.

Sub-topic 1-3 NCR-MT feature list
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 1-3:  NCR-MT feature list
· Proposals
· Proposal 1: NCR-MT feature list as proposed in  [ZTE R4-2219374]
· Recommend
· Companies’ views are encouraged during the meeting.

Topic #2: Study of RF core and EMC requirements
Companies’ contributions summary
(Cat A CRs are not listed)
	T-doc number
	Company
	Proposals / Observations

	R4-2218639
	CMCC
	discussion on NCR RF requirements
Proposal 1: NCR should support beamforming in FR1, i.e. 1-H and 1-O type NCR are needed. 
Proposal 2: For NCR FR2 Tx direction requirements, it’s still suggested to reuse the concept of OTA coverage range which also include OTA peak directions sets.
Proposal 3: For NCR FR2 Rx direction requirements, it’s suggested to specify following OTA Rx direction declarations. These declarations apply for both input signal and interference signal.
1) A declared receiver target redirection range. This range is not needed if NCR don’t support redirection.
2) [five] declared sensitivity RoAoA comprising the conformance testing directions. If don’t support redirection, only one RoAoA is suggested
3) Receiver target reference direction
4) Min EIS may only need for MT part
Proposal 4: for forwarding part, the definition of sensitivity RoAoA includes following options:
Option 1: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the min EIS power defined for MT part.
Option 2: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the received power at receiver target reference direction.
Proposal 5: the same BC capability as defined in R16 UE spec is also suggested for NCR MT part that include beamCorrespondenceWithoutUL-BeamSweeping, beamCorrespondenceSSB-based, beamCorrespondenceCSI-RS-based.
Proposal 6: for BC requirements,
· The min peak EIRP requirement is suggested as the same as R17 RF repeater spec, i.e. based on declaration
· Spherical coverage refers to the same requirements as defined for FWA UE.
· Tolerance requirements FFS
Observation 1: support of BC is only necessary when there is only one active UE at forwarding access link.
Proposal 7: further check the possibility of reusing R16 BC capability for forwarding parts.
Observation 2: RAN1 approves that gNB could transmit PDSCH to MT. so the similar testing procedure through transmitting padding bits on PDSCH to test REFSENSE seems still applicable for MT.
Observation 3: NCR MT part has the information of BW, SCS related information. But forwarding part have no such information. 
Proposal 8: it’s suggested to define BW, SCS, channel raster, synchronization raster related requirements for MT part.

	R4-2219375
	ZTE Corporation
	Further discussion on RF requirements for NCR
Proposal 1: to use the generic diagram as shown in Figure 3 and Figure 4 for NCR in Rel-18.
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Figure 3. the illustration of FR1 NCR
[image: ]
Figure 4. the illustration of FR2 NCR
Proposal 2: propose to use the summarized spec updates for NCR dynamic beamforming in Table 2.2-1 for NCR dynamic beamforming.
Observation 1: NCR-MT support the uplink transmission including PUCCH, PUSCH, SRS, etc
Proposal 3: for the RF requirement of NCR-MT transmitter, it should be tested together with NCR-Fwd in the uplink and still conform to the legacy uplink transmitter requirement as defined in Rel-17.
Proposal 4: for the RF requirement of NCR-MT receiver, to define the refense requirement for NCR-MT receiver. 
For FR1 NCR-MT receiver, the REFSENS level can be calculated by the equation below:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM 
Where:
· The Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR;
· SNR is equal to -1dB;
· NF is assumed as 5dB for WA NCR-MT, 10dB for MR NCR-MT and 13dB for LA NCR-MT;
· IM is equal to 2dB;

For FR2 NCR-MT receiver, the REFSENS level can be calculated by the equation below:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM-G
Where:
· The Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR;
· SNR is equal to -1dB;
· NF is assumed as shown in Table 3;
· G is antenna array gain assumed as in Table 1 for WA and Table 2 for MR and LA;
· IM is equal to 2dB;
Table 1: G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi


 
Table 2: G assumptions for calculating FR2 MR and LA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	MR
	[5 to 28] dBi
	[7 to 30] dBi

	LA
	0 to 23 dBi
	2 to 25 dBi




Table 3: Noise Figure values for the WP5D response in TR 38.803 [24]
	Frequency range
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	BS
	10 dB
	12 dB


Proposal 5: for the RF requirement of NCR-MT receiver, to define the Rx requirement for NCR-MT together with ACRR requirement and Input IMD requirement in DL and its sensitivity degradation compared with the refense requirement could be further discussed.
Proposal 6: for beam direction of NCR-MT and NCR-Fwd, beam direction could be different for FR2 NCR with dynamic beamforming capability and FR1 NCR with dynamic beamforming capability e.g. NCR type 1-H and type 1-O. There are not necessity to discuss the beam direction between NCR-MT and NCR-Fwd link.
Proposal 7: similar as Rel-16 IAB-MT, not to define the beam corresponding requirement for NCR-MT. 
Proposal 8: not to define the beam corresponding requirement for backhual link and acess link of NCR-Fwd similar as Rel-17 FR2 repeater;
Proposal 9: for RF requirement for NCR Fwd link type 1-H and type 1-O,use the following table 2.5.1 as starting point for further discussion.

	R4-2219806
	Nokia, Nokia Shanghai Bell
	Study of RF core requirements of NR Network-controlled repeaters
Observation 1: The required conducted transmitter RF requirements are summarized in Table 1 and required conducted receiver RF requirements are summarized in Table 2.
Observation 2: The required conducted transmitter RF requirements are summarized in Table 3 and required conducted receiver RF requirements are summarized in Table 4.
Proposal 1: RAN4 consider the RF requirements listed in listed in Table 1, Table 2, Table 3, and Table 4 as a starting point; further discuss and identify the essential RF requirements from these tables that need to be specified in addition to the Rel.17 requirements for NCR.

	R4-2219641
	Ericsson
	On NCR RF requirements
Proposal 1	NCR-MT output power should be declared, subject to a maximum limit using the same framework as IAB MT if the NCR-MT transmits.
Proposal 2	If the IAB-MT transmits, treat the output power control requirements in the same manner as IAB-MT.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Sub-topic 2-1 NCR diagram in Rel-18
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1:  NCR diagram
· Proposals
· Option 1:  [ZTE, R4-2219375]
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Figure 3. the illustration of FR1 NCR
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Figure 4. the illustration of FR2 NCR
· Option 2:  [Ericsson,R4-2219641 ]
· [image: ]

· Recommended WF
· Companies’ views are encouraged during the meeting. 

Sub-topic 2-2 NCR-MT UL assumption
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-2-1  NCR-MT UL assumption
· Proposals
· Observation l 1:  Based on the agreements [4] made in RAN1 Meeting #110bis-e, the NCR-MT should be able to do UL communication (in C-link) with the gNB.  [Nokia, R4-2219805]
· Observation 2: NCR-MT support the uplink transmission including PUCCH, PUSCH, SRS, etc  [ZTE, R4-2219375]
· Recommended WF
· NCR-MT uplink transmission is supported

Issue 2-2-2  RF requirements for NCR-MT transmitter requirements
· Proposals
· Proposal 1: for the RF requirement of NCR-MT transmitter, it should be tested together with NCR-Fwd in the uplink and still conform to the legacy uplink transmitter requirement as defined in Rel-17.  [ZTE, R4-2219375]
· Proposal 2	: NCR-MT output power should be declared, subject to a maximum limit using the same framework as IAB MT if the NCR-MT transmits.  [Ericsson,R4-2219641 ]
· Proposal 3:  If the IAB-MT transmits, treat the output power control requirements in the same manner as IAB-MT.  [Ericsson,R4-2219641 ]
· Proposal 4: For NCR FR2 Tx direction requirements, it's still suggested to reuse the concept of OTA coverage range which also include OTA peak directions sets. [CMCC, R4-2218639]

· Recommended WF
· Companies’ views are encouraged during the meeting 


Sub-topic 2-3 BC requirement for NCR
The related BC agreement from TR 38.867
	Beam correspondence is assumed to apply for DL/UL of the backhaul link at NCR-Fwd, as well as the DL/UL of the C-link at NCR-MT.

Beam correspondence is assumed for the DL/UL of the access link at NCR-Fwd, i.e., a DL beam and a UL beam on the access side which correspond to each other have the same beam index.



Issue 2-3  BC for NCR
· Proposals
· Proposal 1: similar as Rel-16 IAB-MT, not to define the beam corresponding requirement for NCR-MT.  [ZTE, R4-2219375]
· Proposal 2: not to define the beam corresponding requirement for backhual link and acess link of NCR-Fwd similar as Rel-17 FR2 repeater; [ZTE, R4-2219375]
· Proposal 3: the same BC capability as defined in R16 UE spec is also suggested for NCR MT part that include beamCorrespondenceWithoutUL-BeamSweeping, beamCorrespondenceSSB-based, beamCorrespondenceCSI-RS-based.
· Proposal 4: for BC requirements, [CMCC, R4-2218639]
· The min peak EIRP requirement is suggested as the same as R17 RF repeater spec, i.e. based on declaration
· Spherical coverage refers to the same requirements as defined for FWA UE.
· Tolerance requirements FFS
· Observation 1: support of BC is only necessary when there is only one active UE at forwarding access link.  [CMCC, R4-2218639]
· Proposal 5: further check the possibility of reusing R16 BC capability for forwarding parts.  [CMCC, R4-2218639]
· Recommended WF
· Companies’ views are encouraged during the meeting 
.
Sub-topic 2-4  Rx requirement for NCR-MT
Sub-topic description:
In the following section, we will focus on the RF requirement for NCR-MT.
Open issues and candidate options before e-meeting:
Issue 2-4  Rx requirements for NCR-MT  
· Proposals
· Observation 1: RAN1 approves that gNB could transmit PDSCH to MT. so the similar testing procedure through transmitting padding bits on PDSCH to test REFSENSE seems still applicable for MT. [CMCC, R4-2218639]
· Proposal 1: For NCR FR2 Rx direction requirements, it’s suggested to specify following OTA Rx direction declarations. These declarations apply for both input signal and interference signal.
· A declared receiver target redirection range. This range is not needed if NCR don’t support redirection.
· [five] declared sensitivity RoAoA comprising the conformance testing directions. If don’t support redirection, only one RoAoA is suggested
· Receiver target reference direction
· Min EIS may only need for MT part
· Proposal 2: for forwarding part, the definition of sensitivity RoAoA includes following options:
· Option 1: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the min EIS power defined for MT part.
· Option 2: sensitivity RoAoA is the contour that include all the points where received power is 3dB less than the received power at receiver target reference direction.

· Proposal 3: for the RF requirement of NCR-MT receiver, to define the refense requirement for NCR-MT receiver.  [ZTE, R4-2219375]
For FR1 NCR-MT receiver, the REFSENS level can be calculated by the equation below:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM 
Where:
· The Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR;
· SNR is equal to -1dB;
· NF is assumed as 5dB for WA NCR-MT, 10dB for MR NCR-MT and 13dB for LA NCR-MT;
· IM is equal to 2dB;

For FR2 NCR-MT receiver, the REFSENS level can be calculated by the equation below:
Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM-G
Where:
· The Rx BW is identical to the transmission bandwidth configuration, which is determined by the spectrum utilization. The RB values in the analysis of this contribution are based on the agreed SU for NR;
· SNR is equal to -1dB;
· NF is assumed as shown in Table 3;
· G is antenna array gain assumed as in Table 1 for WA and Table 2 for MR and LA;
· IM is equal to 2dB;
Table 1: G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi


 
Table 2: G assumptions for calculating FR2 MR and LA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	MR
	[5 to 28] dBi
	[7 to 30] dBi

	LA
	0 to 23 dBi
	2 to 25 dBi




Table 3: Noise Figure values for the WP5D response in TR 38.803 [24]
	Frequency range
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	BS
	10 dB
	12 dB


· Proposal 4: for the RF requirement of NCR-MT receiver, to define the Rx requirement for NCR-MT together with ACRR requirement and Input IMD requirement in DL and its sensitivity degradation compared with the refense requirement could be further discussed. [ZTE, R4-2219375]
· Recommended WF
· Companies’ views are encouraged in 1st round. 

Sub-topic 2-5  Dynamic beamforming
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-5-1   Beam direction between NCR-MT and NCR-Fwd
· Proposals
· Proposal 1: for beam direction of NCR-MT and NCR-Fwd, beam direction could be different for FR2 NCR with dynamic beamforming capability and FR1 NCR with dynamic beamforming capability e.g. NCR type 1-H and type 1-O.   [ZTE, R4-2219375]
· Recommended WF
· Companies’ views are encouraged in 1st round. 
Issue 2-5-2   Beam directions for transmitter and receiver  and declaration framework for NCR
· Proposals
· Proposal 1: propose to use the summarized spec updates for NCR dynamic beamforming in Table 2.2-1 for NCR dynamic beamforming. [ZTE, R4-2219375]
	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



· Recommended WF
· Companies’ views are encouraged in 1st round. 
Sub-topic 2-6  RF requirements for NCR type 1-H and 1-O
Issue 2-6-1   RF requirements for NCR type 1-H and 1-O
· Proposals
· Proposal 1: for RF requirement for NCR Fwd link type 1-H and type 1-O,use the following table 2.5.1 as starting point for further discussion.
Table 2.5.1. summary of the proposals for NCR-Fwd link type 1-H and type 1-O
	RF requirements
	Applicability notes

	Repeater output power
	For NCR type 1-H:
Minimum requirement for IAB type 1-H in section 6.2.2 of TS 38.174 could be applied.

For NCR type 1-H and 1-O:
Minimum requirement for IAB type 1-H and 1-O an in section 9.2.2 of TS 38.174 could be applied.


	TRP output power
	For NCR type 1-O:
Minimum requirement for IAB type 1-H and 1-O an in section 9.3.2 of TS 38.174 could be applied.


	Frequency stability
	Reuse the type 1-C requirements and no additional requirement are expected;

	Out of band gain
	Reuse the type 1-C requirements and no additional requirement are expected;

	Adjacent Channel Leakage Power Ratio

	Reuse the type 1-C requirements and no additional requirement are expected;

	Operating band unwanted emissions	

	For NCR type 1-H:
The following scaling factor X = 10log10(NRXU,countedpercell) should be considered;
For NCR type 1-O:
The following scaling factor X should be considered, whether X is equal to 9dB or other value, this could be further discussed.

	Transmitter spurious emissions

	For NCR type 1-H:
The following scaling factor X = 10log10(NRXU,countedpercell) should be considered;
For NCR type 1-O:
The following scaling factor X should be considered, whether X is equal to 9dB or other value, this could be further discussed.


	Receiver spurious emissions
	For NCR type 1-H:
The following scaling factor X = 10log10(NRXU,countedpercell) should be considered;
For NCR type 1-O:
The following scaling factor X should be considered, whether X is equal to 9dB or other value, this could be further discussed.


	Error Vector Magnitude

	Reuse the type 1-C requirements and no additional requirement are expected;

	Input intermodulation

	For NCR type 1-H:.
To reuse the type 1-C requirement for each TAB connector of NCR type 1-H;

For NCR type 1-O:.
Conducted requirement should be updated as RMS field-strength (V/m) for OTA conformance testing.


	Output intermodulation

	For NCR type 1-H:.
To reuse the type 1-C requirement for each TAB connector of NCR type 1-H;

For NCR type 1-O:.
To reuse minimum requirement for BS type 1-O in section 9.8.2 of TS 38.104.
Wanted signal should be updated to align with conducted part.


	Adjacent Channel Rejection Ratio (ACRR)
	Reuse the type 1-C requirements and no additional requirement are expected;
For NCR type 1-O, similar as FR2 NCR, some description of interfering signal outside pass-band and wanted signal within the pass-band should be added 

	Transmit ON/OFF power
	For NCR type 1-H:.
BS OFF power requirement specified in 6.4.1.3 in TS 38.104 could be reused; 

For NCR type 1-O:.
BS OFF power requirement specified in section 9.5.2.2 in TS 38.104 could be reused. 

For transition period related requirement, repeater type 1-C requirement could be reused.
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