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Introduction
This discussion covers the repeater radiated RF requirements from agenda item 8.5.3. There are 3 topic areas
· Transmitter issues i.e. power
· Emissions
· Other RF
Almost all papers in this discussion area are discussion papers (with a single TP to the TS) with highlighted observations and proposals, the main sub-topics and options from the papers have been extracted for discussion and any acceptable proposals can be captured in WF documents from each of the discussion areas
Topic #1: Transmitter power
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117319
	CATT
	Proposal 1: UE mmWave PC1 EIRP and TRP upper limit are reused for mmWave NR repeater. There’s no spherical coverage requirement for repeater.
Proposal 2: UL use the same power accuracy as DL.
Proposal 3: one 10 dB higher level for ALC is defined and only output power is tested for mmWave ALC requirement.

	R4-2117413
	NTT DOCOMO, INC.
	Output power level
Proposal 1: RAN4 reuse the same upper limit as PC1 for a class having upper limit for FR2 UL.
Power accuracy
Observation 1: A common requirements are specified as power accuracy for BS and IAB-MT in FR2.
Observation 2: There are some classes for BS and IAB-MT for FR2, but each classes have no output upper limit.
Proposal 2: RAN4 reuse the same power accuracy requirement with DL as the requirement for NR repeater for FR2 UL.

	R4-2117727
	CMCC
	Proposal 1: The same min peak EIRP and maximum output power limits in terms of EIRP and TRP as UE spec still apply for repeater UL as below:
Table 1 minimum peak EIRP for power class 1
	Operating band
	Min peak EIRP (dBm)

	n257
	40.0

	n258
	40.0

	n260
	38.0

	n261
	40.0

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance


Table 2 maximum output power limits for power class 1
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55


Proposal 2: It is suggested to remain spherical coverage metric in UL repeater spec but leave detailed limit to declaration. Note this doesn’t exclude the scenario that repeater only transmits at one direction.
Proposal 3: for repeaters with power larger than PC1, min peak EIRP and maximum output power are all based on manufacturer’s declaration without any upper limits and tolerance.
Observation 1: it’s unclear whether PC3 and PC4 derived from requirement of handheld UE and high-power handheld UE are also necessary to be included in repeater classes definition.
Proposal 4: besides output power, only EVM is suggested to be tested when the power is increased by 10dB for ALC testing.

	R4-2118242
	Ericsson
	Proposal 1: Set the maximum declarable power limit for UL to be aligned to PC1.
Proposal 2: Consider to state in the specification that a minimum gain/maximum beamwidth is assumed.
Proposal 3: Test output power, in-band emissions and ACLR and spurious emissions with rated power +10dB.

	R4-2118746
	Nokia, Nokia Shanghai Bell
	Observation 1: There is no upper limit for the rated carrier TRP output power of BS and IAB (for both DU and MT) type 2-O [4], [5].
Observation 2: FR2 UL power limits may not be able to define based on the IAB-MT type 2-O limits, as there is no upper limit for the rated carrier TRP output power of Type 2-O IAB-MT.
Observation 3: PC1 power class sets an upper limit for NR repeater FR2 UL, compared to the other available power classes.
Table 2: EIRP and TRP values of operating band n257 for different power classes
	Power class
	Operating band n257

	
	Max TRP (dBm)
	Max EIRP (dBm)

	1
	35
	55

	2
	23
	43

	3
	23
	43

	4
	23
	43


Proposal 1: As PC1 power levels are proposed for NR repeaters, it may be good to investigate whether some of the RF requirements could be relaxed than directly using the BS/IAB values (e.g., ACLR).
Observation 4: The number of input signal levels is not impacting the final outcome of the ALC test, as the largest applied power level will provide the most stringent test conditions.
Proposal 2: EVM, OBUE and ACLR should be also verified with 10 dB higher input power then the power level resulting in maximum output power.

	R4-2119210
	ZTE Corporation
	Proposal 1: fine to reuse FR2 PC1 power limits for FR2 lower class repeater;  
Proposal 2: to verify the ALC/AGC functionality of repeater with 2 input levels similar as FR1, both output power and EVM requirement should be tested;

	R4-2119312
	Huawei
	Proposal 1: Apply the BS EIRP and TRP power accuracy requirement to the UL and DL
Proposal 2: For UL radiated power limit as victim and aggressor are fixed an EIRP limit is appropriate.
Proposal 3: use PC1 levels for both TRP and EIRP limit
Proposal 4: As PC1 Has the same maximum power limits for all bands a single limit can be used in repeater specification.
Proposal 5: Output power is specific at max output power and 10dB higher (same a conducted)

	R4-2119313
	Huawei
	TP to TS 38.106 - Repeater radiated output power



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 – Power limit for UL (power limited class)
This sub-topic deals with the power limit of the UL transmission class which has a power limit applied (local area?)
Issue 1-1-1: Upper limit
· Proposals
· Option 1: UE mmWave PC1 EIRP and TRP upper limit are reused for mmWave NR repeater.
· Option 2: TBA
· Recommended WF
· All companies seem to agree this is a suitable upper limit, use the UE PCI EIRP and TRP values.
Issue 1-1-2: Upper limit value or reference
· Proposals
· Option 1: As PC1 Has the same maximum power limits for all bands a single limit can be used in repeater specification.
· Option 2: TBA
· Recommended WF
· TBA.
Sub-topic 1-2 – Power requirements for UL (all classes)
This sub-topic deals with the power requirement issue common to both the power limited and the unlimited class
Issue 1-2-1: Minimum power limit
· Proposals
· Option 1: Apply a minimum limit
· For PC1 limited power class - The same min peak EIRP as UE PC1
· for repeaters with power larger than PC1, min peak EIRP and maximum output power are all based on manufacturer’s declaration without any upper limits and tolerance.
· Option 2: TBA
· Recommended WF
· TBA
Issue 1-2-2: Spherical coverage
· Proposals
· Option 1: No spherical coverage requirement
· Option 2: remain spherical coverage metric in UL repeater spec
· Recommended WF
· TBA
Issue 1-2-3: Minimum gain
· Proposals
· Option 1: Consider to state in the specification that a minimum gain/maximum beamwidth is assumed.
· Option 2: 
· Recommended WF
· TBA

Sub-topic 1-3 – Power accuracy
This sub-topic deals with the issue of output power accuracy
Issue 1-3: UL power accuracy
· Proposals
· Option 1: UL use the same power accuracy as DL.
· Option 2: reuse the same power accuracy requirement with DL as the requirement for NR repeater for FR2 UL.
· Recommended WF
· I think both options are the same so recommend both
Sub-topic 1-4 – ALC and test levels
This sub-topic deals with the issue of the ALLC test conditions and which RF requirements are subject to them
Issue 1-4-1: ALC test levels
· Proposals
· Option 1: Output power is specific at max output power and 10dB higher (same a conducted)
· Recommended WF
· Option 11
Issue 1-4-2: RF requirements at +10dB
RF requirements to be tested in addition to power accuracy.
· Proposals
· Option 1: only EVM
· Option 2: in-band emissions and ACLR and spurious emissions
· Option 3: EVM, OBUE and ACLR
· Option 4: Only output power
· Recommended WF
· No requirement is common to all lists so no agreement at this stage, suggest each requirement is discussed separately

Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 - Power limit for UL (power limited class)
	Company
	Comments

	XXXEricsson
	Issue 1-1-1: Upper limit
Option 1 is OK
Issue 1-1-2: Upper limit value or reference


	ZTE
	Issue 1-1-1: Upper limit
We are fine with Recommended WF
Issue 1-1-2: Upper limit value or reference
Yes, it might be not necessary to define per band basis. 


	CATT
	Issue 1-1-1: Upper limit 
Support option 1.
Issue 1-1-2: Upper limit value or reference
Support option 1.

	CommScope
	Issue 1-1-1: Upper limit
The recommended WF is okay.
Issue 1-1-2: Upper limit value or reference
We agree with option 1.


	CMCC
	Issue 1-1-1: Upper limit
Option 1 is OK
Issue 1-1-2: Upper limit value or reference
Option 1 is OK

	Nokia, Nokia Shanghai Bell
	Issue 1-1-1: Upper limit
We are ok with the WF
Issue 1-1-2: Upper limit value or reference
We prefer to specify the dBm values to repeater specification instead of reference to UE specification.

	Huawei
	Issue 1-1-1: Upper limit
Recommended WF ok
Issue 1-1-2: Upper limit value or reference
Option 1

	QCOM
	Issue 1-1-1: Upper limit
We are ok with WF

	Docomo
	Issue 1-1-1: Upper limit
We are ok with the recommended WF.
Issue 1-1-2: Upper limit value or reference
Option 1 is OK


 
Sub topic 1-2 - Power requirements for UL (all classes)
	Company
	Comments

	EricssonXXX
	Issue 1-2-1: Minimum power limit
For the non-power limited class, it may be useful to consider a minimum gain (or maximum beamwidth). This will ensure that the UL is sufficiently directional for such a class so that the deployment can be planned to avoid inter-operator co-existence.
Issue 1-2-2: Spherical coverage
Option 1; we do not think that there is a need for a spherical coverage requirement. Declaration of EIRP and directions set can be used. Note that if the UL can be steered, then like for BS, conformance directions will be tested for the extremities of the steering range. This is more appropriate for this case than spherical coverage.
Issue 1-2-3: Minimum gain
This may be useful to ensure that, if there is no power limit, power is not radiated in a wide beam causing more general interference to other networks (assuming narrow beam, the deploying operator just needs to take into account other operator BS within the beam).

	ZTE
	Issue 1-2-1: Minimum power limit
In general, we are fine to have it, however not sure that exact same value should be reused or not since FR2 PC1 CPE has certain antenna array assumption behind that. 
Issue 1-2-2: Spherical coverage
Similar as minimum power limit, this spherical coverage requirement is also tightly related with the supported service, maybe we could further discuss its similarity between FR2 PC1 coverage requirement and repeater coverage requirements;  it might be better to leave up to declaration. 
Issue 1-2-3: Minimum gain
Similar as conducted part, not sure whether maximum beamwidth is only factor which could have dominant impacts on the UL/DL coexistence.

	CATT
	Issue 1-2-1: Minimum power limit
We’re not sure if this is needed for repeater. Repeater declares the output power, so the power capability is known. For UE, the maximum limit is very high compared with UE capability, minimum peak power is necessary. Repeater’s declare power already cover this purpose.
Issue 1-2-2: Spherical coverage
We’re also not sure about this. UE’s target is to cover the whole 360 degree spherical coverage, not sure if repeater’s target is the same. I remember there was some agreement that mmW repeater’s beam is assumed to be fixed?
Issue 1-2-3: Minimum gain
Not sure about this.

	CommScope
	Issue 1-2-1: Minimum power limit
It is our understanding that min peak EIRP is a requirement for UE but not for repeater. Repeater is only amplifying the incoming signal and limit the max. output power.
Issue 1-2-2: Spherical coverage
Option 1
Issue 1-2-3: Minimum gain
We agree with option 1 to state in the specification that a minimum gain/ maximum beamwidth is assumed

	CMCC
	Issue 1-2-1: minimum power limit
 Option 1 is OK
To Ericsson, it seems the repeater is almost the same as PC1 UE in co-existence study. So ACLR requirement could already guarantee co-existence. We don’t see the need to identify minimum gain requirements.
Issue 1-2-2: Spherical coverage
As Ericsson said, declaration of EIRP and directions set seems like a good point. option 1 and option 2 are both OK for us.
Issue 1-2-3: Minimum gain
We don’t suggest to introduce minimum antenna gain requirement in repeater spec even for repeater without power limitation. Maybe for some power even when we assume low antenna gain, the interference to other systems is also unacceptable. The detailed minimum gain is the trade-off between target EIRP and interference issue. It’s hard to define one specific value.
Maximum beamwidth seems like a good idea to avoid interference only for FR2. But such requirement seems hard to be tested and specified. Our understanding is that analog beamforming could achieve relatively large beam and relatively small beam. If the defined beamwidth is just between the range that repeater could achieve, how could we test such requirements?


	Nokia, Nokia Shanghai Bell
	Issue 1-2-1: Minimum power limit
In our view there is no need to apply minimum power limit. 
Issue 1-2-2: Spherical coverage
In our view there is no need to apply spherical coverage requirement. The repeater should be installed properly so that the (fixed) beam points to correct direction.
Issue 1-2-3: Minimum gain
It is important to clarify that gain in the proposal refers to antenna gain, not repeater power gain. We are open to discuss this further, but having an minimum antenna gain requirement does not fully solve potential co-existence issues.

	Huawei
	Issue 1-2-1: minimum power limit
We so not see the need for a minimum power limit, repeater output is based on input power anyway. maximum power is declared, no need to impose a minimum on this.
Issue 1-2-2: Spherical coverage
No need for spherical coverage in repeaters as fixed antenna pattern – option 1
Issue 1-2-3: Minimum gain
Don’t think there should be a minimum gain for the repeater, but for FR2 as narrow beam widths are achievable in relatively small areas unlike FR1 it might be useful to introduce a minimum beam width to minimise interference. The question is then how do we agree on this beam width as we have not studied it and its not got any similarities to other co-existence simulations we have done in the past.

	QCOM
	Issue 1-2-1: minimum power limit
Option 1 is ok
Issue 1-2-2: Spherical coverage
We should rely on operators to determine their method of deployment. We can accept either option however it would be best, if possible, to get operators to agree on this particular aspect.
Issue 1-2-3: Minimum gain


 
Sub topic 1-3 - Power accuracy
	Company
	Comments

	EricssonXXX
	Issue 1-3: UL power accuracy
Agree with recomendation

	ZTE
	Issue 1-3: UL power accuracy
Similar as conducted part, it’s fine to reuse DL accuracy requirement;

	CATT
	Issue 1-3: UL power accuracy
Support the WF.

	CommScope
	Issue 1-3: UL power accuracy
We agree to use for UL the same power accuracy as for DL.

	CMCC
	Issue 1-3: UL power accuracy
Support the WF.

	Nokia, Nokia Shanghai Bell
	Issue 1-3: UL power accuracy
We agree with recommended WF.

	Huawei
	WF ok

	QCOM
	WF is OK

	Docomo
	We are ok with the recommended WF.



Sub topic 1-4 - ALC and test levels
	Company
	Comments

	EricssonXXX
	Issue 1-4-1: ALC test levels
Agree with recommended WF. One further consideration is that for the output power with +10dB input, the requirement could be defined and tested relative to the maximum output power. The relative tolerance should be smaller than the tolerance on an absolute power requirement.
Issue 1-4-2: RF requirements at +10dB
Agree option 2 plus output power. Note that if test time is a concern, the emissions and ACLR requirements could be tested only with input power + 10dB (as long as the output power is tested with both).


	ZTE
	Issue 1-4-1: ALC test levels
Fine with option 1
Issue 1-4-2: RF requirements at +10dB
Similar as conducted part, we are also fine with option 1 or option 3 to check whether AGC or ALC is correctly implemented. 

	CATT
	Issue 1-4-1: ALC test levels
Support the WF.
Issue 1-4-2: RF requirements at +10dB
Support option 4. And don’t think EVM is needed. For the emission, Ericsson’s proposal is also a choice if it can be agreed.

	CommScope
	Issue 1-4-1: ALC test levels
We agree with option 1: Output power is specific at max output power and 10dB higher (same a conducted).

Issue 1-4-2: RF requirements at +10dB
We recommend testing output power, OBUE and spurious emissions.

	CMCC
	Issue 1-4-1: ALC test levels
Support the WF
Issue 1-4-2: RF requirements at +10dB
We suggest to figure out the applicable scenario of ALC at first.
Our understanding is that repeater is still regarded as normal state when it use ALC functionality. If so, EVM and all unwanted emission are both necessary because repeater wouldn’t try to adjust such state since it is regarded as normal state.
If applicable scenario of ALC functionality is regarded as accident and could be adjusted in short period, then EVM is not required.

	Nokia, Nokia Shanghai Bell
	Issue 1-4-1 ALC test levels
We agree with recommended WF
Issue 1-4-2: RF requirements at +10dB
EVM, OBUE, ACLR and output power. Testing spurious emission in OTA environment is extremely time consuming so repeating that test with two power levels should be avoided.

	Huawei
	Issue 1-4-1: ALC test levels
WF (option 1) ok
Issue 1-4-2: RF requirements at +10dB
Should follow same approach as conducted, where our view is: output power, ACLR (out of passband) and OBUE (out of passband) and EVM – so basically option 3

	QCOM
	Issue 1-4-1: ALC test levels
Option 1 is ok
Issue 1-4-2: RF requirements at +10dB
ACLR and spurious makes sense



CRs/TPs comments collection
For close-to-finalize WIs and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2119313
	Company ANokia: According to the WID repeater has a fixed beam, this TP talks about multiple beams. Does this mean 1 beam for UL and one for DL? This needs further discussion.

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1-1
	Issue 1-1-1: Upper limit
All companies agree with the suggested WF to agree option 1.
Tentative agreements: Option 1: UE mmWave PC1 EIRP and TRP upper limit are reused for mmWave NR repeater.
Candidate options:
Recommendations for 2nd round: Capture agreement in WF

	Sub-topic #1-1
	Issue 1-1-2: Upper limit value or reference
Most companies seem to agree with option 1 to use a single value in the repeater specification (i.e. not reference UE spec). ZTE state different values for different frequencies may be necessary but as there are none at the moment this can maybe be handled when the situation arises. 
Tentative agreements: o	Option 1: As PC1 Has the same maximum power limits for all bands a single limit can be used in repeater specification.
Candidate options:
Recommendations for 2nd round: Capture agreement in WF

	Sub-topic #1-2
	Issue 1-2-1: Minimum power limit
Opinion is split on a minimum power limit with 3 for, 4 against and 1 tentative. Clearly this needs further discussion
Tentative agreements: 
Candidate options:
Option 1: apply an minimum power limit
Option 2: No minimum power limit is necessary 
Recommendations for 2nd round: Further discuss the need for a minimum power limit in round 2.Capture any agreements or options in WF

	Sub-topic #1-2
	Issue 1-2-2: Spherical coverage
Most companies (6) think spherical coverage is unnecessary with 2 companies expressing the opinion that some form pf coverage metric may be useful. 
Tentative agreements: 
Candidate options:
o	Option 1: No spherical coverage requirement
o	Option 2: spherical coverage metric in UL repeater spec
Recommendations for 2nd round: As quite a large majority are behind option 1 perhaps this can be resolved in the 2nd round. Further discuss and capture potential agreement or expanded options in WF

	Sub-topic #1-2

	Issue 1-2-3: Minimum gain
There is perhaps some confusion as to the if this refers to amplifier gain or antenna gain. Most companies are open to the concept of minimum antennas gain for FR2. 
Tentative agreements: No Amplifier minimum gain requirement, potentially antenna minimum gain /beam width requirement
Candidate options:
Recommendations for 2nd round: Further discuss if minimum antennas gain should be specified. It is unlikely that any values will be agree so WF can concentrate on options and recommendations for next meeting on how to get to a value (if min antenna gain is agreed)

	Sub-topic #1-3
	Issue 1-3: UL power accuracy
Tentative agreements: UL use the same power accuracy as DL.
Candidate options:
Recommendations for 2nd round: Capture agreement in WF

	Sub-topic #1-4
	Issue 1-4-1: ALC test levels
Tentative agreements: Output power is specific at max output power and 10dB higher (same a conducted)
Candidate options:
Recommendations for 2nd round: Capture agreement in WF

	Sub-topic #1-4
	Issue 1-4-2: RF requirements at +10dB
This issue was discussed at length in the GTW meeting for conducted. Similar arguments and views are expressed for radiated
Tentative agreements: 
Candidate options:
Recommendations for 2nd round: Wait for agreement for conducted and apply same principles to radiated. If any specific radiated /FR2 issues are highlighted in 2nd round capture in WF.

	
	




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2119313
	Was not discussed as TP’s for different clauses of the specification for drafting will be allocated to different authors by rapporteur in [305]



Discussion on 2nd round (if applicable)


Topic #2: Emissions
This topic cover RF unwanted emissions requirements for the RF2 radiated repeater specifications
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117729
	CMCC
	Observation 1: In-passband ACLR requirement matters only when no wanted signal is transmitting at adjacent channel.
Observation 2: for WA, MR and LA, adjacent channel emission inside passband is larger than amplified noise floor with the same ACLR assumption as gNB spec.
Proposal 1: it is suggested that in-passband ACLR is based on manufacturer’s declaration to trade off cost against RF requirement.
Proposal 2: the same ACLR requirement as gNB still apply for repeater’s DL outside-passband ACLR for each class respectively. Here the ACLR include the relative ACLR and absolute ACLR.

	R4-2118243
	Ericsson
	Proposal 1: Do not define ACLR within the passband
Proposal 2: For DL ACLR, apply the same requirements as the BS. If relative ACLR is applicable, then it should be applied with the repeater operating at rated output power.
Proposal 3: For an UL class with no power limit, apply the BS ACLR requirement. For an UL class with a power limit based on one of the UE classes, apply the UE ACLR.
Proposal 4: Define and measure both ACLR and ACRR simultaneously.
{moderator: proposal moved to Topic #3-3}
Proposal 5: CACLR is defined between passbands.
Proposal 6: Apply the BS OBUE requirement for repeaters.

	R4-2118747
	Nokia, Nokia Shanghai Bell
	Observation 1: As relative ACLR depends on the desired signal power, it may not be measurable if the desired signal power is very low or if it is in the scale of noise power level. This needs to be considered in performance part of the work.
Observation 2: OBUE is an upper bound, which is independent on the signal power level, defined to limit the unwanted emissions in the adjacent bands. 
Observation 3: Same principles in setting the requirement can be applied for ACLR and CACLR. 
Proposal 1: Adopt BS OBUE and ACLR requirements outside passband for DL operation to guarantee similar co-existence towards other operators as BS.
Proposal 2: In case UL output power is higher than UE output power, UL ACLR needs to align with DL ACLR. Antenna gain should be taken into account in the comparison.
Proposal 3: At least OBUE requirements are specified inside passband. 
Proposal 4: OBUE requirements are defined for UL.

	R4-2119211
	ZTE Corporation
	Proposal 1: to define DL ACLR requirement outside of pass-band;
Proposal 2: not to define DL ACLR requirement within pass-band; 
Proposal 3: reuse BS ACLR 28dBc/26dBc for repeater DL outside of pass band; 
Proposal 4: to define UL ACLR requirement outside of pass-band;
Proposal 5: not to define UL ACLR requirement within pass-band; 
Proposal 6: reuse UE ACLR 17dBc/16dBc for repeater UL outside of pass band; 
Observation 1: ACRR requirement is gain ratio between within pass band and outside pass band and out of band gain requirement is the absolute value for PA gain and potential analog filtering performance next to pass band.
Observation 2: ACLR and ACRR requirement are different since ACRR requirement is gain ratio between within pass band and outside pass band and ACLR requirement is defined as power ratio of in-band wanted signal and out of pass band emission. 
Proposal 7: for input for OOB and ACRR requirements, propose to test only 5 directions within repeater declared “OTA REFSENS RoAoA”.
Proposal 8: for output for OOB and ACRR requirements, propose to use EIRP as measurement metric for OOB and ACRR;
Proposal 9: OBUE requirement of BS for DL and SEM requirement of UE for UL could be also applied for interfering signal if this interfering signal is falling within pass band unfortunately. 

	R4-2119314
	Huawei
	For DL
Observation 1: For FR2 the higher NF means the output noise floor is comparable with the ACLR absolute limit.
Observation 2: In most cases the absolute noise floor is the least restrictive ACLR requirement, as repeater noise only just meets this requirement inside passband ALCR may need to be relaxed to allow for PA non-linearity’s.
For UL
Observation 3: It is not possible to use the UE ALCR requirements inside passband as the noise is worse than the expected performance.
For the out of passband ALCR as with FR1 it is assumed that filtering will reduce the noise and hence:
Proposal 1: The repeater should offer the same out of passband protection to adjacent channels as the existing requirements



Open issues summary
This topic looks at:
ACLR (inside passband and outside)
OBUE
Sub-topic 2-1 - ACLR
Issue 2-1-1: Inside passband ACLR
Contributions make same proposals for inside passband ALCR for UL and DL so they are considered together
· Proposals
· Option 1: in-passband ACLR is based on manufacturer’s declaration to trade off cost against RF requirement.
· Option 2: Do not define ACLR within the passband
· Recommended WF
· TBA
Issue 2-1-2: Outside passband ACLR DL
· Proposals
· Option 1: ACLR requirement as gNB still apply for repeater’s DL outside-passband ACLR for each class respectively. Here the ACLR include the relative ACLR and absolute ACLR.
· Option 2: TBA
· Recommended WF
· Option 1
Issue 2-1-3: Outside passband ACLR UL
· Proposals
· Option 1: For an UL class with no power limit, apply the BS ACLR requirement. For an UL class with a power limit based on one of the UE classes, apply the UE ACLR.
· Option 2: reuse UE ACLR 17dBc/16dBc for repeater UL outside of pass band;
· Recommended WF
· Option 1
Issue 2-1-4: CACLR
· Proposals
· Option 1: CACLR is defined between passbands
· Option 2: 
· Recommended WF
TBA
Sub-topic 2-2 - OBUE
This sub-topic discusses OBUE, the proposals are split into the following:
· DL OBUE
· UL OBUE
· Inside passband
Issue 2-2-1: OBUE DL
· Proposals
· Option 1: Apply the BS OBUE requirement for repeaters.
· Option 2: TBA
· Recommended WF
· TBA
Issue 2-2-2: OBUE UL
· Proposals
· Option 1: Apply the OBUE requirement for repeaters.
· Option 2: SEM requirement of UE for UL
· Recommended WF
· TBA
Issue 2-2-3: OBUE inside passband
· Proposals
· Option 1: OBUE requirements are specified inside passband..
· Option 2: TBA
· Recommended WF
· TBA


Companies views’ collection for 1st round 
Open issues 
Sub topic 12-1 - ACLR
	Company
	Comments

	XXXEricsson
	Issue 2-1-1: Inside passband ACLR
We do not see the need or possibility to define an ACLR within the passband. The passband is analogous to the RF bandwidth of a BS ACLR is only defined outside of the RF bandwidth. Requirements on signal quality regulate behavious within the RF bandwidth / passband.
Issue 2-1-2: Outside passband ACLR DL
Agree option 1. For the relative requirement, it should be tested with the repeater operating at rated output power.
Issue 2-1-3: Outside passband ACLR UL
Agree option 1. Again, ACLR should be tested with the repeater operating at rated output power.
Issue 2-1-4: CACLR
Agree option 1.

	ZTE
	Issue 2-1-1: Inside passband ACLR
Option 2 is preferred similar as FR1 conducted repeater unless ACLR requirement is testable in FR2.
Issue 2-1-2: Outside passband ACLR DL
Fine with moderators’ recommendation
Issue 2-1-3: Outside passband ACLR UL
Fine with option 1, indeed option 2 is applied for repeater with uplink power limit as FR2 PC1.
Issue 2-1-4: CACLR
This is valid between pass-bands, however similar comments for FR1 repeater, whether it’s allowed to have some empty carrier without signal transmitted from the parent BS, this could further confirmed. For the above cases, we think OBUE requirement within passband might be still necessary, otherwise if all input carriers fully occupy the passband, then it might be not necessary to define OBUE requirement within passband anymore since it’s also not testable within passband; 


	CATT
	Issue 2-1-1: Inside passband ACLR
Option 2.
Issue 2-1-2: Outside passband ACLR DL
As commented in FR1, we’re ok if all of the companies agree.
Issue 2-1-3: Outside passband ACLR UL
Ok with either one.
Issue 2-1-4: CACLR
Prefer to follow FR1 conclusion. If two passbands transmit signal simultaneous in mmWave may need some discussion.

	CommScope
	Issue 2-1-1: Inside passband ACLR
We agree with option 2.
The pass band of a repeater is equivalent to the RF bandwidth or radio bandwidth of the BS. The ACLR requirement for BS is applied outside the RF bandwidth or radio bandwidth. So, it would be sufficient to specify ACLR outside of the repeater passband
The EVM requirements limit the in pass band unwanted emissions.

Issue 2-1-2: Outside passband ACLR DL
It is still CommScope’s position that ACLR requirements outside of the pass band are already covered by OBUE requirements. 
It is our view that ACRR and ACLR can basically not be tested simultaneously. We consider ACLR (requirement for output power in passband to output emission power [IMP + Noise] in a neighbour channel [out of passband]) and ACRR (requirement for gain in passband to gain out of passband in a certain carrier BW) as two different parameters which should not be mixed.

Issue 2-1-3: Outside passband ACLR UL
It is still CommScope’s position that ACLR requirements outside of the pass band are already covered by OBUE requirements. 

Issue 2-1-4: CACLR
If CACLR is defined, then in the gaps between the passbands.

	CMCC
	Issue 2-1-1: Inside passband ACLR
Option 1 is preferred because ACLR is also used to regulate the inside RF bandwidth co-existence issue among the same operator in real network. Besides, according to our calculation, whether inside adjacent channel emission caused by ACLR is determined by amplification gain and in most cases in-side passband ACLR is measurable. Considering there is no digital filter to help achieve good ACLR, it’s suggested to be based on declaration. Manufacturer could trade off between cost and ACLR requirements.
Here the reason for declaration is because the bottleneck for such requirement is the implementation, so manufacturer could declare their achievable capability.
Issue 2-1-2: Outside passband ACLR DL
Option 1 is supported as in our contribution.
Issue 2-1-3: Outside passband ACLR UL
Option 1 is preferred, the same as conducted requirements.
Issue 2-1-4: CACLR
Option 1 is supported.

	Nokia, Nokia Shanghai Bell
	Issue 2-1-1: Inside passband ACLR
We are ok with option 2 in case inside passband OBUE is defined.
Issue 2-1-2: Outside passband ACLR DL
We agree with the WF.
Issue 2-1-3: Outside passband ACLR UL
We prefer option 1.
Issue 2-1-4: CACLR
Option 1.

	Huawei
	Issue 2-1-1: Inside passband ACLR
Option 2 as with conducted we don’t need ACLR inside passband.
Issue 2-1-2: Outside passband ACLR DL
Option 1 is ok
Issue 2-1-3: Outside passband ACLR UL
Option 1
Issue 2-1-4: CACLR
In general is ok but as being further discussed in conducted we can follow those definitions.

	QCOM
	Issue 2-1-1: Inside passband ACLR
Option 2 no ACLR in passband
Issue 2-1-3: Outside passband ACLR UL
Option 1

	Docomo
	Issue 2-1-1: Inside passband ACLR
Option 2.
Issue 2-1-2: Outside passband ACLR DL
We are OK with the recommended WF.
Issue 2-1-3: Outside passband ACLR UL
We are OK with the recommended WF.


 
Sub topic 2-2 - OBUE
	Company
	Comments

	EricssonXXX
	Issue 2-2-1: OBUE DL
Agree option 1.
Issue 2-2-2: OBUE UL
The OBUE and SEM are the same.
Issue 2-2-3: OBUE inside passband
Option 2: OBUE are specified outside passband only. As with ACLR, the passband is analogous to the RF bandwidth for a BS, for which out of carrier emissions are not applied. The OBUE relates to regulatory requirements that apply outside of an operator’s carrier.

	ZTE
	Issue 2-2-1: OBUE DL
Agree with option 1
Issue 2-2-2: OBUE UL
For repeater without power limitations, then BS OBUE requirement could be reused.
For repeater with power limitations, then whether directly reuse UE requirements or not, this might need more discussions. 
Issue 2-2-3: OBUE inside passband
We support option 1 to define OBUE requirements within passband;

	CATT
	Issue 2-2-1: OBUE DL
Support option 1 if there’s no issue for the noise floor.
Issue 2-2-2: OBUE UL
Agree with ZTE that the ACLR requirement may need to align with OBUE for the LA class.
Issue 2-2-3: OBUE inside passband
No requirement as commented in FR1.

	CommScope
	Issue 2-2-1: OBUE DL
Option 1: Apply the BS OBUE requirement for repeaters.

Issue 2-2-2: OBUE UL
Option 1: Apply the OBUE requirement for repeaters.

Issue 2-2-3: OBUE inside passband
Our proposal is to have no inside passband requirement for OBUE.

	CMCC
	Issue 2-2-1: OBUE DL
Support option 1
Issue 2-2-2: OBUE UL
Support option 1
Issue 2-2-3: OBUE inside passband
Option 1 is preferred especially when we don’t define inside passband ACLR requirements. 

	Nokia, Nokia Shanghai Bell
	Issue 2-2-1: OBUE DL
Option 1
Issue 2-2-2: OBUE UL
Option 1.
Issue 2-2-3: OBUE inside passband
Option 1. Intention of having a limit for emissions within passband is to limit inter-cell interference when the full passband is not allocated with wanted signal.

	Huawei
	Issue 2-2-1: OBUE DL
Option 1
Issue 2-2-2: OBUE UL
For no limit then apply UBUE, furer discussion on the power limited repeater if we follow the UE more closely.
Issue 2-2-3: OBUE inside passband
As with FR1 we think this should be the same decisions as for ACLR i.e. it is not needed inside the passband.

	
	


 
CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#2-1
	Issue 2-1-1: Inside passband ACLR
This was discussed for conducted n GTW with the following agreement 
Agreement: 
No inside passband ACLR requirements for both DL and UL
-Further discuss in conformance phase, EVM test condition with all the ‘carriers’ in the passband are transmitting simultaneously.
The radiated opinions mirror this 
Tentative agreements: No inside passband ACLR requirements for both DL and UL
Candidate options:
Recommendations for 2nd round: Capture agreement in WF (also the suggested further discussion on EVM test condition)

	Sub-topic#2-1
	Issue 2-1-2: Outside passband ACLR DL
Almost all companies agree to specify ALCR outside the passband (8 to 1)
Tentative agreements: For an UL class with no power limit, apply the BS ACLR requirement. For an UL class with a power limit based on one of the UE classes, apply the UE ACLR.
Candidate options:
Recommendations for 2nd round: Agreement is listed as tentative for round 1, issue is same as conducted so align with decisions (if any in [306] try to get unanimous agreement in round, capture agreement (or open issues) in WF 

	Sub-topic#2-1
	Issue 2-1-3: Outside passband ACLR UL
The arguments are very similar to the DL with large majority of companies supporting out of pass band ALCR requirements
Tentative agreements: o	Option 1: For an UL class with no power limit, apply the BS ACLR requirement. For an UL class with a power limit based on one of the UE classes, apply the UE ACLR.
Candidate options:
Recommendations for 2nd round: Agreement is listed as tentative for round 1, issue is same as conducted so align with decisions (if any in [306] try to get unanimous agreement in round, capture agreement (or open issues) in WF

	Sub-topic#2-1
	Issue 2-1-4: CACLR
Most companies support CACLR being specified between the passbands but express view that we should follow the definitions agreed for conducted
Tentative agreements: Follow the definitions for CACLR agreed for conducted
Candidate options:
Recommendations for 2nd round:  Capture agreement (and any potential difference for radiated) in WF

	Sub-topic#2-2
	Issue 2-2-1: OBUE DL
All agree to introduce BS OBUE requirement, the way the issues are arranged the issue of if this is also inside the passband is in issue 2-2-3 
Tentative agreements: Apply the BS OBUE requirement for repeaters.
Candidate options:
Recommendations for 2nd round: Capture agreement in WF, include proviso about noise floor highlighted issue of if this applies inside passband is discussed separately.

	Sub-topic#2-2
	Issue 2-2-2: OBUE UL
All agree OBUE can be applied for the UL with no power limit but the requirement for power limit U is still open. Once again the inside passband issue is discussed in 2-2-3
Tentative agreements: BS OBUE applies for UL class with no power limit
Candidate options:
Recommendations for 2nd round : Further discuss the power limited UL class and what requirements should be applied. Capture the agreements in WF

	Sub-topic#2-2
	Issue 2-2-3: OBUE inside passband
Whilst most companies expressed an opinion to not having OBUE inside passband, this issue was discussed in GTW for conducted [306] with the following agreement
Agreement: FFS whether inside passband OBUE requirements or other requirements needed for DL and UL for the case with non-full passband transmission
The issue is also somewhat linked to the NF discussion, suggest following the conducted decision for radiated
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Follow the conducted discussion in [306] and use same agreements. If any potential differences exist for radiated then capture in WF




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Topic #3: Other RF 
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117322
	CATT
	Proposal 1: [15-20] dB DL ACRR is the requirement for the FR2 repeater with corresponding to the pass band bandwidth. TRP is used as the metric. The detail requirement can be defined similar with Table 1.
Table 1: FR2 ACRR limit
	Repeater channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	Repeater adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACRR limit
(dB)







	50, 100, 200, 400
	BWChannel
	NR of same BW
	Square (BWConfig)
	[15-20]



Proposal 2: UL ACRR requirement is defined the same as DL ACRR.


	R4-2117728
	CMCC
	Observation 1: the EVM limit caused by repeater itself is almost irrelated to modulation scheme.
Proposal 1: the EVM limits for repeater are listed as below for both FR1 and FR2 
	EVM limit level
	[17.5%], 8%, 3.5%

	Note: all three EVM limits are not mandatory for all repeaters and repeater could declare which EVM limits are supported



Proposal 2: the modulation scheme for repeater testing is the modulation scheme corresponding to EVM limit that repeater support for both FR1 and FR2.
Proposal 3: Out-of-band gain requirement is defined in such a way that the sum of outside-passband unwanted power is less than gNB unwanted emission limits + 3dB for both FR1 and FR2.
Proposal 4: interferer source is assumed with the same power and same distance as donor BS when define out-of-band gain requirements for both FR1 and FR2.
Proposal 5: out of band gain for WA, MR and LA is suggested as in table 2,3,4 with 100dB, 83dB and 75dB PL assumption respectively for FR1.
{moderator: this seems to be for FR1 conducted?}
Proposal 6: ACRR requirement is suggested as 55dB, 38dB and 30dB for WA, MR and LA respectively with 100dB, 73dB and 65dB PL assumption respectively for FR1.
{moderator: this seems to be for FR1 conducted?}
Proposal 7: for FR2 before defining out-of-band gain and ACLR requirement it is suggested to align the assumption for pathloss between repeater and interference source, beamforming gain toward repeater of interference source at first.

	R4-2118244
	Ericsson
	Proposal 1: Introduce EVM limits of 3.5% (optional) and 8%
Proposal 2: Discuss further whether an optional EVM limit of lower than 3.5% is needed for repeaters designed for very specific scenarios for which the SNR for both links is very high.
Proposal 3: The EVM conformance test should be defined with maximum input power and also minimum input power.
Proposal 4: Calculate the minimum input power level for the EVM test based on the EVM, Noise Factor and signal bandwidth (potentially with a margin for any other factors).
Proposal 5: For RX IM, set the modulated signal bandwidth to [50] MHz
Proposal 6: For RX IM, set the CW power to [-70] dBm.
Proposal 7: Out of band gain should be specified with a finer granularity than ACRR.
Proposal 10: Discuss further whether to set requirements on ACRR and out of band gain independently or whether to relate them.
{moderator: note proposals 8,9 are missing in paper}

	R4-2118911
	Nokia, Nokia Shaghai Bell
	Proposal 1: EVM requirements shall use the same EVM-% linked together with modulation schemes as specified for gNBs and UEs.
Proposal 2: It is proposed to define EVM requirements for all modulation schemes.  
Proposal 3: It is proposed to allow the repeater manufacturer to declare highest supported modulation. 
Observation 1: The motivations to introduce NF or equivalent requirements, namely emission performance and signal quality, are already covered by dedicated requirements
Observation 2: NF or equivalent requirement can disqualify repeaters that are beneficial in real in-the-field conditions, in addition to increasing the cost and complexity in many cases unnecessarily.
Observation 3: Specifying repeater NF at low input power is not a guarantee that same NF is met through the operating power/gain range.
Observation 4: NF measurement in FR2 is likely infeasible and setting a requirement would create an imbalance between FR1 and FR2 repeater requirements.
Proposal 4: Do not introduce NF or equivalent requirements.
Observation 5: Reasonable selection for separation distance and antenna configurations needs to be done when deriving the OOB gain requirement.
Proposal 5: Take full antenna gain into account when deriving OOB gain requirement.
Proposal 6: Sufficiently large frequency offsets need to be set before tightening of the OOB gain requirement in FR2.

Table 6: Proposed OOB gain for FR2-1
	Frequency offset, f_offset_CW 
	Maximum gain 

	0,2  f_offset_CW < 50,0 MHz 
	60 dB 

	50,0  f_offset_CW < f_offset_CW 
	45 dB 



Proposal 7: Consider using mask in table 6 for discussion for OOB gain in FR2-1.
Observation 6: Proposal 7 does not take into account other signal sources than donor BS and therefore there is a risk that the requirements are not stringent enough.
Observation 7: There is a risk that requiring gain reduction within a several hundred MHz from passband edge will not be feasible from implementation perspective.
Proposal 8: RAN4 to consider whether OOB gain requirement is needed for UL

	R4-2119212
	ZTE Corporation
	Proposal 1: for repeater DL supporting 256QAM, 3.5% EVM requirement should be applied; for repeater supporting QPSK, 16QAM and 64QAM, 8% EVM requirement should be applied;
Proposal 2: for repeater UL supporting QPSK, 16QAM and 64QAM, 8% EVM requirement should be applied;
Proposal 3: propose to use option 3 for FR2 NF testing; 
Proposal 4: propose to use two CW signals with 0.1W with intermodulation product is positioned in the centre of the pass band.; 



Open issues summary
The other RF requirements covered by this topic are:
· EVM
· OOB gain
· ACRR
· RX IM
· NF
Sub-topic 3-1 - EVM
EVM proposals in some cases re very similar with slight differences, the options include the proposals if they cannot be fully aligned. In general the values suggested are the same as the BS (and UE) the options relate to how the requirement is linked to modulation order, what the max modulation order is and how it is declared (or not)
Issue 3-1-1: EVM related to modulation order
· Proposals
· Option 1: the modulation scheme for repeater testing is the modulation scheme corresponding to EVM limit that repeater support for both FR1 and FR2.
· Option 2: Introduce EVM limits of 3.5% (optional) and 8%
· Option 3: It is proposed to define EVM requirements for all modulation schemes.  
· Option 4: EVM requirements shall use the same EVM-% linked together with modulation schemes as specified for gNBs and UEs.
· Recommended WF
· TBA
Issue 3-1-2: EVM value
In most proposals the values are the same with respect to modulation order, once issue 3-1-1 is agreed then the values are likely to be straight forward
· Proposals
· Option 1: EVM limit level	[17.5%], 8%, 3.5%
· Option 2: Introduce EVM limits of 3.5% (optional) and 8%
· Option 3: for repeater DL supporting 256QAM, 3.5% EVM requirement should be applied; for repeater supporting QPSK, 16QAM and 64QAM, 8% EVM requirement should be applied; for repeater UL supporting QPSK, 16QAM and 64QAM, 8% EVM requirement should be applied;
· Recommended WF
· Values can be easily agree after conclusion of sub-topic 3-1-1.
· 
Issue 3-1-3: EVM for high modulation orders
· Proposals
· Option 1: Discuss further whether an optional EVM limit of lower than 3.5% is needed for repeaters designed for very specific scenarios for which the SNR for both links is very high.
· Option 2: It is proposed to allow the repeater manufacturer to declare highest supported modulation.
· Recommended WF
· TBA

Sub-topic 3-2 – OOB Gain
The OOB gain requirements for OOB gain are still in the discussion stage, its difficult to get any clear options for the list, so proposals from each paper have been listed for discussion, The options are not exclusive multiple options can be agreed. 
Issue 3-2: Out of band gain value derivation
· Proposals
· Option 1: Out-of-band gain requirement is defined in such a way that the sum of outside-passband unwanted power is less than gNB unwanted emission limits + 3dB for both FR1 and FR2.
· Option 2: for FR2 before defining out-of-band gain and ACLR requirement it is suggested to align the assumption for pathloss between repeater and interference source, beamforming gain toward repeater of interference source at first.
· Option 3: Out of band gain should be specified with a finer granularity than ACRR.
· Option 4: Take full antenna gain into account when deriving OOB gain requirement.
· Option 5: Sufficiently large frequency offsets need to be set before tightening of the OOB gain requirement in FR2.
· Option 6: Consider using mask in table 6 for discussion for OOB gain in FR2-1.

Table 6: Proposed OOB gain for FR2-1
	Frequency offset, f_offset_CW 
	Maximum gain 

	0,2  f_offset_CW < 50,0 MHz 
	60 dB 

	50,0  f_offset_CW < f_offset_CW 
	45 dB 



· Option 7: RAN4 to consider whether OOB gain requirement is needed for UL
· Recommended WF
· Options are not exclusive

Sub-topic 3-3 - ACRR
Sub-topic discussing ACRR
Issue 3-3-1: ACRR and ACLR
· Proposals
· Option 1: Define and measure both ACLR and ACRR simultaneously.
· Option 2: 
· Recommended WF
TBA
Issue 3-3-2: DL ACRR
· Proposals
· Option 1: [15-20] dB DL ACRR is the requirement for the FR2 repeater with corresponding to the pass band bandwidth. TRP is used as the metric.
· Option 2: TBA
· Recommended WF
· TBA
Issue 3-3-3: UL ACRR
· Proposals
· Option 1: UL ACRR requirement is defined the same as DL ACRR.
· Option 2: TBA
· Recommended WF
· TBA

Sub-topic 3-4 – RX IM
Discussing the RX IM, both the signal types and levels have been discussed, some proposals combine the 2 and hence have been included in both sub-topics.
Issue 3-4-1: Signal BW
· Proposals
· Option 1: For RX IM, set the modulated signal bandwidth to [50] MHz
· Option 2: propose to use two CW signals with 0.1W with intermodulation product is positioned in the centre of the pass band
· Recommended WF
· TBA
Issue 3-4-2: Interferer power
· Proposals
· Option 1: For RX IM, set the CW power to [-70] dBm.
· Option 2: propose to use two CW signals with 0.1W with intermodulation product is positioned in the centre of the pass band
· Recommended WF
· TBA

Sub-topic 3-5 – Noise Figure
This topic was discussed over email prior to the meeting, the following 3 options were discussed:
   Option 1: NF
   Option 2: maximum passband output power level with no input signal
   Option 3: minimum input level with which output signal quality achieved
Some discussions and proposals refer to these options
Issue 3-5-1: NF Requirement type
· Proposals
· Option 1: The EVM conformance test should be defined with maximum input power and also minimum input power. (i.e. option 3)
· Option 2: Do not introduce NF or equivalent requirements.
· Recommended WF
· TBA

Issue 3-5-2: NF value (depending on requirement type)
· Proposals
· Option 1: Calculate the minimum input power level for the EVM test based on the EVM, Noise Factor and signal bandwidth (potentially with a margin for any other factors).
· Option 2: TBA
· Recommended WF
· TBA

Companies views’ collection for 1st round 
Open issues 
Sub topic 3-1 
	Company
	Comments

	EricssonXXX
	Issue 3-1-1: EVM related to modulation order
We do not see a strong need to relate EVM and modulation order (since the repeater does not generate signals itself), but do not object to.
Issue 3-1-2: EVM value
We are OK with 3.5% and 8%, assuming that at least 3.5% support is declared. 17.5% is not so important for FR2 as it is less likely that a repeater would be deployed for extreme coverage situations in this frequency range.
Issue 3-1-3: EVM for high modulation orders
We don’t see a need for this; the EVM is a minimum requirement

	ZTE
	Issue 3-1-1: EVM related to modulation order
Option 2 is more preferred which is also aligned with LTE based repeater where we have 8% EVM requirement defined.  Considering the 256QAM supported in later phase in LTE, this is not considered in LTE based repeater.  It might be also reasonable to be introduced for NR based repeater.
Issue 3-1-2: EVM value
It’s better to split DL and UL case instead of combining together.
Issue 3-1-3: EVM for high modulation orders
It’s better to leave up to vendors’ declaration e.g. whether 256QAM can be supported in DL and it should support all modulation order up to 64QAM in UL.

	CATT
	Issue 3-1-1: EVM related to modulation order
Prefer to follow the approach in FR1 and double check 256QAM support.


	CommScope
	Issue 3-1-1: EVM related to modulation order
We agree with option 3 (Option 3: It is proposed to define EVM requirements for all modulation schemes.)  
Issue 3-1-2: EVM value
We agree with option 1 (Option 1: EVM limit level	[17.5%], 8%, 3.5%)

Issue 3-1-3: EVM for high modulation orders
We agree with option 2 (Option 2: It is proposed to allow the repeater manufacturer to declare highest supported modulation).


	CMCC
	Issue 3-1-1: EVM related to modulation order
The same principle applies for both conducted and radiated requirements.  We support option 1 and option 3. Compared with ACLR requirements, EVM requirement is relatively easier to be achieved, so for repeaters only supporting QPSK, the bottleneck exist in ACLR requirements not EVM requirements. since we doesn’t define relax ACLR requirement, it’s suggested to only include 8% as mandatory and 3.5% as the capability.
Issue 3-1-2: EVM value
Both option 1 and 2 are OK. It’s better for option 2. 
Issue 3-1-3: EVM for high modulation orders
3.5% EVM is already relatively stringent for repeaters with low cost. It is not suggested to be included better EVM in spec. for other extreme scenario, stringent requirement can be required by operators additionally but not define it in spec.
For option 2, it depends on how we define EVM values, if we only define 3.5% optional and 8% mandatory. It seems repeater could only declare whether it support 256QAM. If it doesn’t support 256 QAM then 8% is mandatory.

	Nokia, Nokia Shanghai Bell
	Issue 3-1-1: EVM related to modulation order
We support option 3 and 4.
Issue 3-1-2: EVM-value
For each modulation we should use the same value is in BS specification, except for 256QAM for UL which is not defined.
Issue 3-1-3: EVM for high modulation orders
We support option 2.

	Huawei
	Issue 3-1-1: EVM related to modulation order
The same approach should be used for conducted and radiated so we should follow FR1. Our view is 2 levels are specified (with the higher level for 256QAM being optional/declared). Although not strictly necessary to link to modulation order we think it helps link to a deployment use case. So option 1 and 2 seem to fit.
Issue 3-1-2: EVM value
Option 2 – we do not see the need for 17.5%
Issue 3-1-3: EVM for high modulation orders
Manufacturer can always have lower EVM if they wish but no need to include this in the requirements.

	Docomo
	Issue 3-1-1: EVM related to modulation order
We prefer option 1 and 3. 
8% is mandatory for repeater supporting up to 64QAM, and 3.5% is optional based on manufacturer declaration.
Issue 3-1-2: EVM value
We prefer option 2. For FR2 UL, only 8% limit will be defined since there are no requirement of 256QAM for FR2 UL.
Issue 3-1-3: EVM for high modulation orders
If needed, option 2 is fine.


 
Sub topic 3-2 
	Company
	Comments

	EricssonXXX
	Issue 3-2: Out of band gain value derivation
The out of band gain should consider the minimum expected coupling loss to any source of unwanted emissions (including other sources of unwanted emissions that are closer than the donor BS). Option 6 is reasonable from a coupling loss perspective, but the impact on feasibility should be considered further.

	ZTE
	Issue 3-2: Out of band gain value derivation
For this values, we think it should be mainly based on required repeater gain based on typical deployment. In FR1, the typical antenna gain within pass-band is expected as 90dB, then with decreasing gain out side of pass band and also filtering impact, then OOBB gain could be gain. 
For FR2, we would firstly discuss the typical or required repeater gain for FR2 repeater, then to have further discussions on decreasing gain outside of pass-band and filtering impacts.

	CATT
	Issue 3-2: Out of band gain value derivation
Our comment is similar with FR1 and prefer to follow the same approach.

	CommScope
	Issue 3-2: Out of band gain value derivation
 We agree with option 3 and 5
Option 5 should not be limited to FR2 but “radiated” repeater..

	CMCC
	Issue 3-2: Out of band gain value derivation
It seems we should at first align the criteria of how to define such requirements.
Our suggest is that the criteria for OOB gain is to ensure the unwanted emission outside repeater passband equals to gNB unwanted emission requirement plus 3dB.

	Nokia, Nokia Shanghai Bell
	Issue 3-2: Out of band gain value derivation
For deriving the requirement the critical aspect is how close the interferer source is. In deriving option 6, distance of 50m was used. We think the average rejection provided by option 6 is very close to correct value, but if we expect no help from analog RF filter or gain frequency response, it might be more feasible to apply flat 54 dB OOB gain.

	Huawei
	Issue 3-2: Out of band gain value derivation
Also being discussed in conducted (FR1) where we have better idea of scenarios. Ensuring unwanted emissions same as BS seems a good starting point (same as FR1)
To CommScope – for repeater we have only type 1-C and type 2-O so conducted can only mean FR1 and radiated can only mean FR2.


 
Sub topic 3-3 
	Company
	Comments

	EricssonXXX
	Issue 3-3-1: ACRR and ACLR
We think that this is a good proposal since the repeater should not allow more interference to a neighbour channel than any other BS or UE, whether due to ACLR or ACRR. One interesting issue raised by ZTE in a contribution is that OTA measurement of ACLR and ACRR together may be problematic. This is an interesting issue that should be considered further. Probably the requirement can still be defined as a joint requirement, but test feasibility can be double checked.
Issue 3-3-2: DL ACRR
DL ACRR+ACLR should be the same as the BS ACLR limit so that the repeaters do not cause greater interference to an adjacent channel than a BS
Issue 3-3-3: UL ACRR
DL ACRR+ACLR should be the same as the BS (non-power limited) or UE (power limited repeater) ACLR limit so that the repeaters do not cause greater interference to an adjacent channel than a BS/UE


	ZTE
	Issue 3-3-1: ACRR and ACLR
Not sure how to measure together since for ACRR, there will be one interfering signal adding next to pass band, to check repeater gain ratio between within pass band and out of pass band; 
However for ACLR the adjacent channel should be reserved to measure the emissions. 
Issue 3-3-2: DL ACRR
Similar as we mentioned in conducted part, out of band gain and ACRR is related, we prefer to discuss it together. In addition, as we mentioned before ,EIRPP might be better metric to show repeater gain in FR2 since repeater would still have beamforming capability, just cannot dynamically steer it.
Issue 3-3-3: UL ACRR
The same story as DL ACRR, we could further discuss it.

	CATT
	We prefer to follow FR1 approach for ACRR related issues. For the value, it may be different because filter/gain performance is different.

	CommScope
	Issue 3-3-1: ACRR and ACLR
It is our view that ACRR and ACLR can basically not be tested simultaneously. We consider ACLR (requirement for output power in passband to output emission power [IMP + Noise] in a neighbour channel [out of passband]) and ACRR (requirement for gain in passband to gain out of passband in a certain carrier BW ) as two different parameters which should not be mixed.

Issue 3-3-2: DL ACRR
We agree with option 1.
Option 1 should not be limited to FR2 but “radiated” repeater.
The requirement shall apply to the uplink and downlink of the Repeater, at maximum gain, where the donor link is maintained via antennas (over the air Repeater).
.
Issue 3-3-3: UL ACRR
We agree with option 1 (same as DL ACRR)
The requirement shall apply to the uplink and downlink of the Repeater, at maximum gain, where the donor link is maintained via antennas (over the air Repeater).


	CMCC
	We need to align the criteria of ACRR requirement at first.
Our suggest is that the criteria for ACRR is to ensure the unwanted emission outside repeater passband equals to gNB unwanted emission requirement calculated by gNB ACLR plus 3dB.

	Nokia, Nokia Shanghai Bell
	Issue 3-3-1: ACRR and ACLR
We are open to consider this further. However, given the observations in ZTE Tdoc it might be more fruitful to start considering these as individual requirements and if there is good alignment, then consider possible merge. In any case, if the repeater has several tens of dBs of gain, then the signal amplified by the repeater should be the dominating one in measurement situation instead of the input signal. 
Issue 3-3-2: DL ACRR
We in principle agree with Ericsson, but given the limited filtering possibilities in FR2 feasibility should be also considered.
Issue 3-3-3: UL ACRR
This my need to be different for the different classes in case ACLR requirement is also different.

	Huawei
	Issue 3-3-1: ACRR and ACLR
The limits may be the same but the input conditions seem different so not sure how they can be measured together?
Issue 3-3-2: DL ACRR
Follow same approach as conducted if possible, as with oob gain we need to make better assumptions about FR2 gain, PL etc.
Issue 3-3-3: UL ACRR
For non-power limiter class this is reasonable for power limited possibly some relaxation is ok.

	Docomo
	Issue 3-3-1: ACRR and ACLR
We have similar view as ZTE, CommScope and Huawei. The conditions of input signal seem different.



Sub topic 3-4 
	Company
	Comments

	EricssonXXX
	Issue 3-4-1: Signal BW
FR2 covers wide bandwidths and defining and testing RX IM at a very specific frequency provides very poor test coverage. IM performance can vary with frequency
Issue 3-4-2: Interferer power
0.1W is a very high signal level that would not arise in real deployments for FR2

	ZTE
	Issue 3-4-1: Signal BW
Similar as FR1 conducted repeater, CW has been used for LTE based repeater, we don’t see much difference between LTE based repeater and NR based repeater. 
Issue 3-4-2: Interferer power
After further considerations, it might be okay set the interfering signal level close to in-band blocking level if necessary.

	CATT
	Issue 3-4-1: Signal BW
We think CW may be sufficient as REFSENS can’t be tested.

	CommScope
	Issue 3-4-1: Signal BW
We agree to use two CW signals.

Issue 3-4-2: Interferer power
The level of the interferer shall be such that the conducted level at the output of receiving antenna 
is -40 dBm.

	CMCC
	Issue 3-4-1: Signal BW
If we finally define modulated signal and CW signal for input IMD, it’s better to define the minimum NR BW 50MHz to guarantee the IMD distortion is higher than amplified noise floor. 
Issue 3-4-2: Interferer power
It’s OK to define level close to in-band blocking related requirements. our concern is whether we should differentiate different classes?

	Nokia, Nokia Shanghai Bell
	Issue 3-4-1: Signal BW and Issue 3-4-2: Interferer power
0.1 W is +20 dBm, which is not a reasonable value.


	Huawei
	Issue 3-4-1: Signal BW
As with FR1 it seems 2 CW signals are sufficient to test this. If modulates signal really means fewer points need to be tested then it’s maybe ok but it’s not clear this is the case.
Issue 3-4-2: Interferer power
Option 2 defiantly seems to high, the in band blocking requirement level seems a good starting point.

	
	



Sub topic 3-5 
	Company
	Comments

	EricssonXXX
	Issue 3-5-1: NF Requirement type
We agree option 3, but it may be good to progress the discussion for FR1 and then decide for FR2.
Issue 3-5-2: NF value (depending on requirement type)

	ZTE
	Issue 3-5-1: NF Requirement type
For FR2, since there are not available access point for noise figure testing, therefore we think that option 1 might be not valid anymore.

	CATT
	Issue 3-5-1: NF Requirement type
Would like to hear TE vendor’s view.

	CommScope
	Issue 3-5-1: NF Requirement type
We agree with option 2.
It is our position that NF is not the right parameter since different scenarios can require different NF’s (indoor or outdoor etc.). Applications are thinkable, which have an optimized performance with higher NF’s. 
In case of defining a parameter in the context of  Refsense, we favour output noise power. Output noise power does include possible desensitization of others and is straight forward to measure (minimize test effort). Noise power includes as well in an implicit manner the NF of the repeater (desensitization of own system).

Issue 3-5-2: NF value (depending on requirement type)
See 3-5-1


	CMCC
	Issue 3-5-1: NF Requirement type
Option 1. NF is very important when input signal is at low power to reflect the degradation of SNR due to NF.
To CommScope, NF is related to applicable scenario so we suggest to differentiate NF for different classes.

	Nokia, Nokia Shanghai Bell
	Issue 3-5-1: NF Requirement type
We support option 2: Do not introduce NF or equivalent requirements

	Huawei
	Issue 3-5-1: NF Requirement type
{moderator} I think some of the response are confusing the original 3 options from the email discussion and the proposals in 3-5-1 for example there were no proposals in papers for email option 1 measure NF so it’s not in the 3-5-1 list (although of course it can still be discussed). Tits relatively clear what people mean though so hopefully can be tidied up in the summary.
Our view is there should be a NF requirement of some type using EVM seems like the best option considering potential test issues.
Radiated should follow same approach as conducted.
Issue 3-5-2: NF value (depending on requirement type)
Option 1 is ok of course depends on agreement for this method in 3-5-1




CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#3-1
	Issue 3-1-1: EVM related to modulation order
EVM was discusses for conducted [306] in the GTW with the following agreements:
Agreement:
3.5% EVM limit with supporting upper to 256QAM modulation order
8% EVM limit with supporting upper to 64QAM modulation order
Support of 3.5% should be a capability declared by the manufacturer
Tentative agreements:
Candidate options:
Recommendations for 2nd round: The radiated approach to EVM can be similar to the conducted approach, we can adopt the same 3 agreements, with some additional considerations: (no 256QAM in FR2 UL) and potentially an additional step for lower order modulation. In 2nd round capture this in WF (also applies to issues3-1-2 and 3-1-3)

	Sub-topic#3-1
	Issue 3-1-2: EVM value
The conducted GTW agreements listed in issue  in 3-2-1 apply to this issue also
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Follow the recommendations for 3-1-1

	Sub-topic#3-1
	Issue 3-1-3: EVM for high modulation orders
The conducted GTW agreements listed in issue  in 3-2-1 apply to this issue also
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Follow the recommendations for 3-1-1

	Sub-topic#3-2
	Issue 3-2: Out of band gain value derivation
Too soon for any firm conclusions, -the issue is also being discussed in conducted [306] topic area, similar approach should be adopted. Some agreements on typical FR2 repeater characteristics used for deriving requirements need to be made. Including typical repeater gain, repeater antennas gain, distance from BS /UE (PL)
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Try to capture in WF the gain and PL assumptions or at least the assumptions we need and potential range, follow conducted approach using the FR2 assumptions.

	Sub-topic#3-3
	Issue 3-3-1: ACRR and ACLR
It seems most companies do not think ACRR and ACLR should be specified together as it is not possible to measure them together. But the option should remain open for further discussion
Tentative agreements: 
Candidate options: 
Recommendations for 2nd round: Further discuss as follows:
•	Discuss further testability of ACLR and ACRR together
•	Whether specified/tested together or not, consider total interference to adjacent channel when specifying ALCR and ACRR the requirements.
Capture discussion options  and any agreements in WF

	Sub-topic#3-3
	Issue 3-3-2: DL ACRR
Looking at company response possibly 2 early to agree anything. Most agree the general approach should be the same as conducted/FR1 but the numbers updated for the FR2 assumptions (which are related oob gain).
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Monitor the conducted progress and apply same agreements to radiated. Capture the assumptions which differ between FR1 and FR2 in the WF or list what assumptions we need to agree at least (similar to issue 3-2)

	Sub-topic#3-3
	Issue 3-3-3: UL ACRR
As with issue 3-3-1 follow the approach used for conducted and update with appropriate FR2 assumptions
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Monitor the conducted progress and apply same agreements to radiated. Capture the assumptions which differ between FR1 and FR2 in the WF or list what assumptions we need to agree at least (similar to issue 3-2)

	Sub-topic#3-4
	Issue 3-4-1: Signal BW
Opinion is still split on this issue,  4 companies are ok with CW and 2 for modulated, those supporting modulated seem to favour a 50MHz signal.
Tentative agreements:
Candidate options:
o	Option 1: For RX IM, set the modulated signal bandwidth to [50] MHz
o	Option 2: propose to use two CW signals with 0.1W with intermodulation product is positioned in the centre of the pass band
Recommendations for 2nd round: Continue to discuss the options and try to get agreement. It seems 2 CW signals is the favorite at present. Capture potential agreement or list open issues in WF

	Sub-topic#3-4
	Issue 3-4-2: Interferer power
A number of comments that 0.1W is far to high so maybe this option can be discarded. Some support for using in-band interferer levels, these for BS are relative to the declared sensitivity so some assumptions/ calculations would be needed to be made (the -70dBm option is based on this
Tentative agreements:
Candidate options:
Option 1: based on In-band interference levels e.g. -70dBm 
Option 2: Other
Recommendations for 2nd round: Continue to discuss the in-band interference option, Discuss if the -103dBm equivalent sensitivity assumption (to get -70dBm) is suitable. Capture agreements and open issue in WF

	Sub-topic#3-5
	Issue 3-5-1: NF Requirement type
There was an agreement on this issue in the GTW for conducted requirements [306] as follows:
Agreement in Nov.4 GTW: 
NF can be covered by the equivalent requirements with below options:
o	Option 1: Perform EVM conformance test with minimum input power 
o	Option 2: Absolute maximum output power with no input within part of passband e.g. inside passband OBUE
o	Only one option should be selected in the end from RAN4 core requirements aspect
The same agreements should be applied to radiated requirements.
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Follow the conducted discussion and potential agreements and apply same methodology for radiated/FR2. Highlight in WGF any potential difference for the radiated requirement.

	Sub-topic#3-5
	Issue 3-5-2: NF value (depending on requirement type)
This is covered by agreements in Issue 3-5-1
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Concentrate on issue 3-5-1

	
	




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Recommendations for Tdocs
1st round 
To minimise the number of WF ther are not so many issues so we can concemtrate on a single WF document
New tdocs
	Title
	Source
	Comments

	WF on repeater radiated requirements
	Huawei
	

	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-211xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2117319
	Discussion on NR repeater radiated output power requirement
	CATT
	Noted
	

	R4-2117413
	Views on NR  repeater output power related requirements for FR2
	NTT DOCOMO, INC.
	Noted
	

	R4-2117727
	Discussion on repeater power related radiated requirements
	CMCC
	Noted
	

	R4-2118242
	Repeater FR2 output power
	Ericsson
	Noted
	

	R4-2118746
	Radiated power related requirements consideration for NR-Repeaters
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2119210
	Discussions on power related requirements for radiated repeater
	ZTE Corporation
	Noted
	

	R4-2119312
	FR2 Output power requirements
	Huawei
	Noted
	

	R4-2119313
	TP to TS 38.106 - Repeater radiated output power
	Huawei
	Not perused
	For spec drafting clauses have been allocated to different authors in [305]

	R4-2117729
	Discussion on repeater emission related radiated requirements
	CMCC
	Noted
	

	R4-2118243
	Repeater FR2 unwanted emissions
	Ericsson
	Noted
	

	R4-2118747
	Radiated unwanted emissions for FR2 repeaters
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2119211
	Discussions on emission related requirements for radiated repeater
	ZTE Corporation
	Noted
	

	R4-2119314
	FR2 Emissions ACLR
	Huawei
	Noted
	

	R4-2117322
	Discussion on NR repeater FR2 ACRR requirement
	CATT
	Noted
	

	R4-2117728
	Discussion on other RF radiated requirements for NR repeater
	CMCC
	Noted
	

	R4-2118244
	Repeater FR2 other
	Ericsson
	Noted
	

	R4-2118911
	Signal quality and OOB gain considerations for FR2 NR Repeaters
	Nokia, Nokia Shaghai Bell
	Noted
	

	R4-2119212
	Discussions on other requirements of radiated repeater
	ZTE Corporation
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-211xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-211xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-211xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	Huawei
	Richard Kybett
	richard.kybett@huawei.com

	CATT
	Huiping Shan
	shanhuiping@catt.cn

	Nokia, Nokia Shanghai Bell
	Toni Lähteensuo
	toni.h.lahteensuo@nokia.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
