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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 this contribution, we want to share further analysis on RF requirement for NCR-MT.
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2.1. RF requirements for NCR-MT transmitter 
First of all, in the following table, we summarized the progress of discussion of NCR-MT Tx RF requirement so far, therefore in this following section, we aim to resolve the all the remaining issues for NCR-MT Tx part.  
Table 2.1-1. the summary of the progress of NCR-MT RF requirement discussion
	
	Status/Progress

	General for all Tx requirements
	R4-2220255@RAN4#105 meeting
· Agreement: For NCR-MT transmitter:  
· Baseline assumption: Legacy uplink transmitter requirements from Rel-17 RF repeater still be applicable 
· Further discuss the power control requirements for NCR-MT
· Update on other requirements not precluded 
· For NCR Tx direction requirements, reuse the concept of OTA coverage range which also include OTA peak directions sets.


	NCR-MT output power 
	R4-2302903：
For NCR-MT, set requirements on TRP and EIRP accuracy using the BS approach (i.e., same as for IAB-MT) [Ericsson,R4-2301883]

	NCR-MT output power dynamics 
	Ongoing,

	NCR-MT power control
	Ongoing, the power control of NCR-MT to be confirmed with RAN1

R4-2302903：
Agreement: Further clarify WI scope on power control functionality for MT part. 

	NCR-MT ON-OFF power
	Ongoing

	NCR-MT transition period
	Not discussed yet.

	NCR-MT frequency quality
	R4-2302903：
For the NCR-MT, set requirements on frequency accuracy and EVM using the IAB-MT specification as a reference.

	NCR-MT unwanted emission
	Not discussed yet.

	NCR-MT transmitter intermodulation
	Not discussed yet.



2.1.1 Output power dynamics and power control 
In the last RAN4 meeting, we had initial discussions on power control requirements for NCR-MT part, however there were still some concerns whether this is not supported or not and it seems more clarifications from RAN1 are needed. From our understanding, the common understanding in RAN1 is that NCR-MT should work similar as normal UE to support the power control functionality. If necessary, we could send the LS to RAN1 to further confirmation. 
Proposal 1: for the power control of NCR-MT, propose to send the LS to RAN1 to confirm this functionality. 
Even though the power control functionality for NCR-MT needs the confirmation by RAN1 if necessary, we would like to share some initial understanding on it firstly for the future discussions.
Power control requirement usually include generic absolute power tolerance, relative power tolerance if the transmission gap between these sub-frames is less than or equal to 20 ms and aggregate power tolerance within 21ms. 
From our understanding, for the absolute power tolerance of NCR-MT first contiguous transmission or non-contiguous transmission with a transmission gap larger than 20 ms, this mainly depends on the downlink RSRP measurement accuracy and its uplink power control accuracy from the implementation perspective, the total tolerance for absolute power tolerance in FR1 could be up to 9dB. However similar as beam correspondence discussion in the previous RAN4 meeting, the absolute power tolerance requirement could be indirectly tested by the power accuracy requirement of NCR-MT. From this perspective, it should be fine not to define the corresponding requirement for NCR-MT similar as Rel-16 IAB-MT. 
Proposal 2: propose not to define the absolute power tolerance requirement for NCR-MT. 
Regarding the relative power tolerance and aggregate power tolerance requirement, it was defined for both the normal UE and IAB-MT in the past, it might be reasonable to keep some alignment among related features, however it should be known that relative power tolerance for IAB-MT is quite limited due to the small total dynamic range requirement defined. 
With the online clarifications during last Athens meeting, the limited output power dynamic requirement don’t prevent that NCR-MT achieve much better output dynamic capability, it’s okay for us to follow the either IAB-MT output power dynamic requirements and 
Proposal 3: if NCR-MT power control is confirmed by RAN1, then either to follow the output dynamic range requirement of IAB-MT or the legacy UE requirements and corresponding relative power tolerance and aggregated power tolerance requirements if necessary. 

2.1.2 Transmitter ON-OFF power and transition period 
For the transmitter ON-OFF power and transition period of NCR-MT, the existing BS requirement could be applicable here similar as Rel-16 IAB-MT agreement.
Proposal 4: for NCR-MT transmitter ON-OFF power and transition period requirement, to reuse the Rel-16 IAB-MT RF requirement as baseline. 
2.1.3 Transmitter unwanted emission requirement
For the occupied channel bandwidth, since this is just to follow the ITU-R SM.328 regulation, the same principle should be also applied here fore NCR-MT.
Proposal 5: for NCR-MT occupied channel bandwidth, to follow the regulation ITU-R SM.328;

For ACLR requirement of NCR-MT, based on the previous agreement reached, the legacy uplink transmitter requirements from Rel-17 RF repeater still be applicable, however there are also other preference to reuse the IAB-MT requirement directly. In the following table, we summarized the ACLR requirement for both Rel-16 IAB-MT and Rel-17 repeater to figure out the difference among proposals. It could be found that IAB-MT ACLR requirement in Local area class are more stringent than that of Local area repeater UL, the main reason is due to the assumption of IAB-MT and IAB-DU aiming to reuse the same RF hardware as much as possible, therefore the ACLR capability of IAB-DU and IAB-MT could aligned somehow, however for NCR-MT, this device might be independent from NCR-Fwd downlink part, therefore we still propose to use Rel-17 repeater UL as baseline as we agreed before. 
Proposal 6: for NCR-MT ACLR requirements, propose to follow Rel-17 repeater UL ACLR requirement without input signal of repeater UL in uplink direction.
	
	IAB-MT
	Rel-17 repeater UL

	FR1 WA
	45dBc [6.6.3 in TS38.174]
	45dBc, 38dBc [6.5.2.2 in 38.106]

	FR1 LA
	45dBc [6.6.3 in TS38.174]
	31dBc [6.5.2.2 in 38.106]

	FR2 WA
	28, 26dBc [9.7.3.3 in TS38.174]
	28, 26dBc [7.5.2.2 in 38.106]

	FR2 LA
	24dBc [9.7.3.4 in TS38.174]
	17, 16dBc [7.5.2.2 in 38.106]



For OBUE requirements of NCR-MT, there are similar preference as ACLR requirement part, however indeed for both repeater UL or IAB-MT transmitter, both RAT are reusing the WA and LA BS OBUE requirements, therefore we don’t see much difference among these two preferences. 
Proposal 7: for NCR-MT OBUE requirements, propose to follow Rel-17 repeater UL ACLR requirement without input signal of repeater UL in uplink direction.

For transmitter spurious emission requirements of NCR-MT, since these spurious emission requirement are either to following ITU-R regulation or based on deterministic calculation for the protections of receiver in other spectrum than DL in co-located scenario or in the same geographical scenario, therefore these legacy requirement defined for Rel-17 repeater UL or Rel-16 IAB-MT could be also reused for NCR-MT. In addition, it should be known that there are one difference between Rel-17 repeater UL and Rel-16 IAB-MT.
For Rel-16 IAB-MT, Cat A spurious emission requirement reusing from BS side are applicable for both IAB-DU and IAB-MT. However for Rel-17 repeater UL, Cat A spurious emission are reusing from Cat A requirement in UE specification instead of Cat A requirement in BS specification.
Based on the above analysis, to reusing the repeater UL transmitter spurious emission requirement for NCR-MT is more appropriate option.
Proposal 8: for NCR-MT transmitter spurious emission requirements, propose to follow Rel-17 repeater transmitter spurious emission requirements.

2.1.4 Transmitter transmitter intermodulation
For transmitter intermodulation requirements of NCR-MT, it might be not appropriate to follow the repeater output intermodulation requirement since the wanted signal for repeater output intermodulation requirement should fill up the whole pass-band as much as possible, however for NCR-MT might only occupy single carrier block or limited carriers if CA supported instead of the whole pass-band, therefore we believe that to follow the IAB-MT transmitter intermodulation requirement might be more appropriate option.
Proposal 9: for NCR-MT transmitter intermodulation requirement, propose to reuse the Rel-16 IAB-MT intermodulation requirements.

2.2. RF requirements for NCR-MT receiver
In the following table, we summarized the progress of discussion of NCR-MT Rx RF requirement so far, therefore in this following section, we aim to resolve the all the remaining issues for NCR-MT Rx part.
Table 2.2-1. the summary of the progress of NCR-MT RF requirement discussion
	
	Status/Progress

	General for all Rx requirements
	R4-2220255@RAN4#105 meeting
· Agreement: 
· Proposal 1: For NCR-MT 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 3: for the RF requirement of NCR-MT receiver, to define the refense requirement for NCR-MT receiver. 

	NCR-MT reference sensitivity
	R4-2302903：
· To define the NCR-MT Refsens requirement based on IAB-MT approach;
· To use the proposal 3 as baseline for calculation of power level of Refesens requirement;
· Note: FFS for NF
· For 30kHz and 60kHz FRC, to reuse the existing FRC from TS38.174 Annex A.1
· For 15kHz FRC, FFS 

	NCR-MT dynamic range 
	Not discussed yet

	NCR-MT ACS
	Ongoing 

	NCR-MT In-band blocking
	Not discussed yet

	NCR-MT Out of band blocking
	Not discussed yet

	NCR-MT receiver spurious emission 
	Not discussed yet

	NCR-MT receiver intermodulation
	Not discussed yet

	NCR-MT in-channel selectivity
	Not discussed yet



2.2.1 REFSENS requirement
For REFSENS requirement of NCR-MT, it was agreed to follow IAB-MT approach in the past, however there are still lots of open issues left for further discussion.
Regarding the NF for NCR-MT, we propose to reuse the same NF as IAB-MT, the exact values could be found as following:
Proposal 10: for NF of IAB-MT, propose to follow the following values
· NF is assumed as 5dB for FR1 WA NCR-MT, and 13dB for FR1 LA NCR-MT;
· NF is assumed as 10dB for 30GHz and 12dB for 45GHz for FR2 NCR-MT
Regarding the FRC for 15kHz for NCR-MT, we propose to follow IAB-MT approach or BS approach, the details could be found as following.  To define 5MHz and 20MHz FRC with 15kHz and CP-OFDM symbols per slot is reduced from 12 to 9 due to the PDCCH transmission in the downlink. 
Proposal 11: for 15kHz FRC of FR1 IAB-MT, propose to use the following FRC.
Table A1-1: FRC parameters for FR1 reference sensitivity level for IAB-MT.
	Reference channel
	G-FR1-A1-22
	G-FR1-A1-23
	G-FR1-A1-25
	G-FR1-A1-26
	G-FR1-A1-27
	G-FR1-A1-28

	Subcarrier spacing (kHz)
	30
	60
	30
	60
	15
	15

	Allocated resource blocks
	11
	11
	51
	24
	25
	106

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9
	9

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	NOTE 1:   DL-DMRS-config-type = 1 with DL-DMRS-max-len = 1, DL-DMRS-add-pos = pos2 with = 2, = 6 and 9 as per Table 7.4.1.1.2-3 of TS 38.211 [3].
NOTE 2:   MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity 



2.2.2 Dynamic range requirement
For receiver dynamic range requirements, this requirement is only defined for BS or IAB-DU part and not defined for UE specification or IAB-MT in the past, therefore for NCR-MT, it’s reasonable to keep alignment with the legacy UE and IAB-MT RF requirement definition.
Proposal 12: propose not to define the dynamic range requirement for NCR-MT.

2.2.3 ACS and IBB requirement
In the previous meeting, in our contribution, we analyzed the combination of ACS requirement and ACRR requirement shown as following, however this scenario is not generic to practical scenarios indeed, therefore we are also fine to define the ACS and IBB requirement separately with NCR-Fwd link.
[image: ]
Figure 2.2.3-1. the illustration of ACRR requirement with NCR-MT Rx requirements


[image: ]
Figure 2.2.3-2. the illustration of ACRR requirement with NCR-MT Rx requirements

Similar as Tx ACLR requirement, whether to follow the UE specification or BS specification ACS requirement, this needs more discussions. 
For Rel-16 IAB-MT ACS and IBB requirement, it was agreed to reuse the BS ACS and IBB requirement for it, however as we mentioned in unwanted emission requirement, this is not valid for NCR-MT part, therefore we propose to use the UE ACS requirement as 33dBc for FR1 NCR-MT and 23,22dBc for FR2 NCR-MT update the IAB-MT or BS requirement accordingly as following.
Proposal 13: propose to use the UE ACS requirement as 33dBc for FR1 NCR-MT and 23,22dBc for FR2 NCR-MT update the IAB-MT or BS requirement accordingly.

For IBB requirement and NBB requirements of FR1 NCR-MT, the interfering signal power level is usually 9dB higher than ACS interfering signal in FR1, the same principle could be also applied here for NCR-MT.
For IBB requirement for FR2 NCR-MT, keep the same power offset as IBB and ACS requirement of legacy FR2 IAB-MT or FR2 BS for FR2 NCR-MT. 
Proposal 14: 
For IBB requirement and NBB requirements of FR1 NCR-MT, IBB interfering signal power level should be 9dB higher than ACS requirement and NBB interfering signal power level should be 3dB higher than ACS requirement.
For IBB requirement for FR2 NCR-MT, keep the same power offset as IBB and ACS requirement of legacy FR2 IAB-MT or FR2 BS for FR2 NCR-MT.

2.2.4 OOBB requirement
For OOBB requirement for NCR-MT, we think that the existing IAB-MT requirement or BS approach requirement could be reused here even though we think that OOBB requirement could be further relaxed due to relaxed IBB requirement and the same OOBB requirement -15dBm/CW.
Proposal 15: for OOBB requirement for NCR-MT, propose to reuse the IAB-MT requirement. 

2.2.5 Receiver spurious emission requirements
For receiver spurious emission requirement for NCR-MT, we think that the existing IAB-MT requirement or BS approach requirement could be reused. 
Proposal 16: for receiver spurious emission requirement for NCR-MT, propose to reuse the IAB-MT requirement for it.
2.2.6 Receiver intermodulation requirements
For receiver intermodulation for NCR-MT, we think that the existing IAB-MT requirement or BS approach requirement could be reused, however the power level should be updated according to existing power offset between RX IMD and RX ACS requirements.
Proposal 17: for receiver intermodulation requirement for NCR-MT, propose to reuse the IAB-MT requirement and update the power level of interfering signal according to the existing power offset between RX IMD and RX ACS requirement.

2.2.7 Receiver in-channel selectivity requirement
For receiver in-channel selectivity requirements, this requirement is only defined for BS or IAB-DU part and not defined for UE specification or IAB-MT in the past, therefore for NCR-MT, it’s reasonable to keep alignment with the legacy UE and IAB-MT RF requirement definition.
Proposal 18: propose not to define the ICS requirement for NCR-MT.
Conclusions
In this contribution, we want to share further views on NCR-MT RF requirements and proposals are made as following:
Proposal 1: for the power control of NCR-MT, propose to send the LS to RAN1 to confirm this functionality. 
Even though the power control functionality for NCR-MT needs the confirmation by RAN1 if necessary, we would like to share some initial understanding on it firstly for the future discussions.
Proposal 2: propose not to define the absolute power tolerance requirement for NCR-MT. 
Proposal 3: if NCR-MT power control is confirmed by RAN1, then either to follow the output dynamic range requirement of IAB-MT or the legacy UE requirements and corresponding relative power tolerance and aggregated power tolerance requirements if necessary. 
Proposal 4: for NCR-MT transmitter ON-OFF power and transition period requirement, to reuse the Rel-16 IAB-MT RF requirement as baseline. 
Proposal 5: for NCR-MT occupied channel bandwidth, to follow the regulation ITU-R SM.328;
Proposal 6: for NCR-MT ACLR requirements, propose to follow Rel-17 repeater UL ACLR requirement without input signal of repeater UL in uplink direction.
Proposal 7: for NCR-MT OBUE requirements, propose to follow Rel-17 repeater UL ACLR requirement without input signal of repeater UL in uplink direction.
Proposal 8: for NCR-MT transmitter spurious emission requirements, propose to follow Rel-17 repeater transmitter spurious emission requirements.
Proposal 9: for NCR-MT transmitter intermodulation requirement, propose to reuse the Rel-16 IAB-MT intermodulation requirements.
Proposal 10: for NF of IAB-MT, propose to follow the following values
· NF is assumed as 5dB for FR1 WA NCR-MT, and 13dB for FR1 LA NCR-MT;
· NF is assumed as 10dB for 30GHz and 12dB for 45GHz for FR2 NCR-MT
Proposal 11: for 15kHz FRC of FR1 IAB-MT, propose to use the following FRC.
Table A1-1: FRC parameters for FR1 reference sensitivity level for NCR-MT.
	Reference channel
	G-FR1-A1-22
	G-FR1-A1-23
	G-FR1-A1-25
	G-FR1-A1-26
	G-FR1-A1-27
	G-FR1-A1-28

	Subcarrier spacing (kHz)
	30
	60
	30
	60
	15
	15

	Allocated resource blocks
	11
	11
	51
	24
	25
	106

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9
	9

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	NOTE 1:   DL-DMRS-config-type = 1 with DL-DMRS-max-len = 1, DL-DMRS-add-pos = pos2 with = 2, = 6 and 9 as per Table 7.4.1.1.2-3 of TS 38.211 [3].
NOTE 2:   MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity 


Proposal 12: propose not to define the dynamic range requirement for NCR-MT.
Proposal 13: propose to use the UE ACS requirement as 33dBc for FR1 NCR-MT and 23,22dBc for FR2 NCR-MT update the IAB-MT or BS requirement accordingly.
Proposal 14: 
For IBB requirement and NBB requirements of FR1 NCR-MT, IBB interfering signal power level should be 9dB higher than ACS requirement and NBB interfering signal power level should be 3dB higher than ACS requirement.
For IBB requirement for FR2 NCR-MT, keep the same power offset as IBB and ACS requirement of legacy FR2 IAB-MT or FR2 BS for FR2 NCR-MT.
Proposal 15: for OOBB requirement for NCR-MT, we propose to reuse the IAB-MT requirement for it. 
Proposal 16: for receiver spurious emission requirement for NCR-MT, propose to reuse the IAB-MT requirement for it.
Proposal 17: for receiver intermodulation requirement for NCR-MT, propose to reuse the IAB-MT requirement and update the power level of interfering signal according to the existing power offset between RX IMD and RX ACS requirement.
Proposal 18: propose not to define the ICS requirement for NCR-MT.
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1. Overall Description:
RAN4 has discussed whether it’s necessary to define the power control related requirement for NCR-MT, however it’s not clear from RAN4 perspective whether the power control functionality for NCR-MT has already been supported in RAN1, therefore RAN4 would like to ask RAN1 to provide the clarification on this issue. 
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To RAN2:
ACTION: RAN4 respectfully ask RAN1 to provide the clarification to RAN4.

3. Date of Next TSG WG RAN4 Meetings:
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