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1	Introduction
During RAN4#108 and previous RAN4 meetings, many aspects of the NCR RF requirements were completed. This contribution addresses some of the remaining open issues relating to emissions requirements and RX requirements.
[bookmark: _Ref178064866]2	Discussion
2.1	Unwanted emissions requirements with simultaneous NCR-FWD and NCR-MT transmission in uplink
In the WF from RAN4#108 [1], the applicable requirement for unwanted emissions and for spurious emissions when the NCR-FWD and NCR-MT transmit simultaneously in uplink was left open.
From an interference victim point of view and from a regulatory point of view, the NCR is a single piece of hardware. The repeating function of the FWD part and the data transmission from the MT part are additional functionalities, but emissions requirements are not functionality based. Even if the FWD and MT are separate hardware implementations, the impact to a victim of the interference and the fact that the NCR is a single enclosure does not change due to the internal implementation of the functionalities. Emissions requirements on an NCR should not be changed because the NCR transmits both MT and FWD and more than e.g., the emissions from a UE if the UE simultaneously transmits PUCCH and PUSCH.
It has already been agreed that the emissions limit when considering simultaneous transmission of NCR-MT and NCR-FWD should be based on the sum of the emissions. To ensure proper and functionality independent emissions limits are applied, the limit should be the same as for a Rel-17 repeater.

[bookmark: _Toc146707936]For simultaneous transmission of NCR-MT and NCR-FWD, the unwanted emissions limits and the spurious emissions limits should be the same as those of the Rel-17 repeater.

A similar principle should be applied to RX spurious emissions in scenarios where RX spurious emissions is applicable and may be measured.

[bookmark: _Toc146707937]For simultaneous reception of NCR-MT and NCR-FWD in DL, where RX spurious emissions are applicable and measurable the Rel-17 spurious emissions limit should be applied to the sum emissions from the FWD and MT.

2.2	Application of scaling factors for UL emissions limits
In RAN4#108, it was proposed to apply scaling factors of 6dB and 9dB to the output power limits and emissions limits for the LA and WA NCR for uplink respectively.
The WA NCR class is based on the WA IAB UL class. The power is not restricted in UL and the emissions may be scaled. For UE based uplink operation, power classes are defined for UEs as well as emissions limits based on co-existence studies. The UE power classes are defined such that the UEs will not be expected to cause degradation to neighbor operator networks. For a WA IAB, it has been accepted that the IAB requirement will not ensure protection of the neighbor operator, since the power and emissions may be significantly higher than the UE UL limits. It has to be expected that an operator deploying the IAB (or NCR) uses a directional antenna and takes careful account of the positions of other operator BS. Also, the WA IAB/NCR may need to be adjusted if the neighbor operator deploys new BS.
The LA IAB class was in principle designed with the power limited to UE power classes. The expectation for a LA IAB is that, since it has the same characteristics as a UE in UL, it can be deployed without the operator needing to plan its position with respect to neighbor operators, as it is not likely to cause more interference than a UE to the neighbor. The LA IAB may in principle be deployed by third parties (e.g. customers of the operator). The IAB specification allows for “scaling” of UL emissions for a LA IAB. This would appear to be a mistake, because relaxing the emissions limits can lead to increased interference towards neighbor operators.
The concept of “emissions scaling” was introduced to AAS in Rel-13 and Rel-15. The justification used was that, because the RAN1 LTE specification at that time already included 8TX MIMO in DL, in principle BS could have already been deployed with 8 transmitters and connector-based requirements. It should be noted that the concept of relaxing emissions requirements by up to 9dB for spurious emissions has not been allowed by regulators in many regions.
For UL, the justification used for relaxing emissions requirements in AAS (DL MIMO) is not applicable. For at least the LA NCR, we would recommend being very careful to relax emissions requirements in 3GPP, since it is not good to give the impression that 3GPP relaxes requirements on emissions to other systems without adequate justification or study. Also, for in-3GPP band emissions, no study has been performed to establish whether a relaxation of the emissions would have a co-existence effect. It is worthwhile to bear in mind that UE emissions dominate the UL co-existence performance.
[bookmark: _Toc146707938]Do not relax the emissions for an LA NCR without a clear justification

When considering output power, an increase of 6dB in the output power limit is proposed. If the output power limit is 23dBm then the 6dB increase would allow for up to 29dBm. Since this corresponds to PC1.5, it may be acceptable in certain bands, although there is the risk of allowing for high power uplink in bands for which it is not allowed for UEs.

[bookmark: _Toc146707939]Allow 29dBm or 26dBm LA repeater in bands where PC1.5 or PC2 is allowed, but not in other bands

2.3	Scaling factor for OTA EVM and OTA input intermodulation
For the EVM requirement, it is necessary to set a minimum input power level at which the EVM is valid. The approach that has been followed is to use an antenna gain assumption on top of the conducted minimum input power level to get an OTA input level. It should be noted that it is not completely obvious that such an approach needs to be taken; an alternative would be to investigate an OTA value independently considering deployments, link budgets etc. However, we will assume an antenna gain factor for the remaining discussion.
The antenna gain factor to use depends on the structure of the repeater and in particular whether the repeater has a beamforming array at the output only, or at the input only, or both at the input or the output. Furthermore, there is a dependency on whether the noise at the input experiences combining gain at the output or not. A very aggressive means of setting the minimum output level could be based on the full array gain at both the input and the output. However, this would assume uncorrelated noise with no gain and may be difficult to achieve. The WF at RAN4#108 [1] assumed that the sub-array gain is used to translate the conducted level to OTA.
In the BS specifications, the sub-array gain is estimated based on the 3dB sensitivity RoAoA and a formula:

ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB

For the repeater, a 3dB sensitivity RoAoA is not available since the NCR-FWD does not have a receiver sensitivity. However, a similar 3dB contour can be obtained by considering the contour of the input signal directions for which the output power level (in output boresight) remains within 3dB of the output signal level when the input signal arrives in input boresight.

[bookmark: _Toc146707940]Define an input 3dB RoAoA based on the contour of the input signal directions for which the output power level (in output boresight) remains within 3dB of the output signal level when the input signal arrives in input boresight.

[bookmark: _Toc146707941]The EVM minimum input level is (conducted level) – (Sub-array gain based on input RoAoA)

For the input intermodulation, a similar consideration applies. In principle, the OTA levels for the input intermodulation could be derived independently of the conducted levels based on considerations on needed linearity and potentially link budgets. However, we assume a translation of conducted levels based on an assumed antenna gain.

The input intermodulation signal will be experienced at the input to each input TRX. Hence, the gain that should be applied for the input intermodulation should be the gain in front of each TRX, which will be the sub-array gain.

[bookmark: _Toc146707942]For input intermodulation, apply the sub-array gain calculated in the manner described in proposals 4-5.

2.4	Requirements definition for type 1-H NCR FWD and mixed NCR types on BS/UE side

An NCR-type 1-H consists of an array with multiple TAB connectors. Unlike a BS, an NCR-FWD has both an input and an output. This gives rise to a question in how to relate the input and output. 
An NCR type 1-H may consist of a number of input TAB connectors and a number of output TAB connectors. In-between the TAB connectors, there may be beamforming, combining, splitting etc.

[image: ]

Several core requirements are defined assuming a relationship  between an output and in input TAB connector, including:
· Frequency stability
· Out of band gain
· Repeater EVM
· Input Intermodulation
· ACRR

There is a need to describe how the relationship   between input and output connectors is assumed. Alternatively, the requirement needs to be expressed as a relationship between an input at all connectors and a composite output at all connectors.
The same consideration applies if the repeater would be mixed types. If there would be a 1-C input (possibly with more than one antenna connector) and a 1-H output or a 1-H input and a 1-C output (possibly with more than one antenna connector) then the relationship between individual TAB connectors and antenna connectors is ambiguous.

[image: ]

[bookmark: _Toc146707943]RAN4 needs to discuss and clarify how input and output connectors are linked for NCR type 1-H, or define requirements between the composite signal at all input and all output connectors.

Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	For simultaneous transmission of NCR-MT and NCR-FWD, the unwanted emissions limits and the spurious emissions limits should be the same as those of the Rel-17 repeater.
Proposal 2	For simultaneous reception of NCR-MT and NCR-FWD in DL, where RX spurious emissions are applicable and measurable the Rel-17 spurious emissions limit should be applied to the sum emissions from the FWD and MT.
Proposal 3	Do not relax the emissions for an LA NCR without a clear justification
Proposal 4	Allow 29dBm or 26dBm LA repeater in bands where PC1.5 or PC2 is allowed, but not in other bands
Proposal 5	Define an input 3dB RoAoA based on the contour of the input signal directions for which the output power level (in output boresight) remains within 3dB of the output signal level when the input signal arrives in input boresight.
Proposal 6	The EVM minimum input level is (conducted level) – (Sub-array gain based on input RoAoA)
Proposal 7	For input intermodulation, apply the sub-array gain calculated in the manner described in proposals 4-5.
Proposal 8	RAN4 needs to discuss and clarify how input and output connectors are linked for NCR type 1-H, or define requirements between the composite signal at all input and all output connectors.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]R4-2313903, WF on NCR RF requirements, ZTE, RAN4#108, August 2023

	4/4	
image1.png
o
-« |

-« | ———e
-~ NCR possibly including —
*————— . . PR ¢
« | combining, splitting, e
S : EEm—

beamforming

-« | ———e
-« |

Input TAB connectors Output TAB connectors




image2.png
NCR possibly including
combining, splitting,
beamforming

Input 1-C antenna
connectors

Output TAB connectors




