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1	Introduction
During RAN4#106bis, many open issues for NCR-FWD 1-H and 1-O RF requirements were resolved. In this contribution, we analyze the remaining open issues.
[bookmark: _Ref178064866]2	Discussion

Summation of emissions from NCR-FWD and NCR-MT
For the downlink, support for simultaneous operation of NCR-FWD and NCR-MT is mandatory. However, the NCR-MT does not transmit in downlink. Hence, downlink emissions requirements should be defined on NCR-FWD only.
[bookmark: _Toc135050899]Downlink (i.e., UE side) TX emissions requirements are only defined for the NCR-FWD.
For the uplink, support of simultaneous NCR-FWD and NCR-MT is optional. If simultaneous operation is supported, then the emissions limit should be on the combined emissions from NCR-FWD and NCR-MT. If it is declared not supported, then the emissions limits for UL could be met by NCR-FWD and NCR-MT separately.
[bookmark: _Toc135050900]If the NCR supports simultaneous MT and FWD transmission, then the UL (i.e. BS side) TX emissions requirements should be defined on the total emissions from MT and FWD. 
[bookmark: _Toc135050901]If the NCR does not support simultaneous MT and FWD transmission, then the UL (i.e. BS side) TX emissions requirements can be defined separately for the FWD and MT
It is important to note that defining emissions on the combination of NCR-FWD and NCR-MT does not imply that the emissions must be measured simultaneously during the conformance test. If, for example the NCR-FWD and NCR-MT have separate connectors, it is feasible to measure the emissions for each part on each connector, calculate the sum and then compare the sum to the limit.
[bookmark: _Toc135050894]If the emissions requirements are defined on the total emissions from MT and FWD, this does not imply that the emissions of MT and FWD need to be measured together as part of conformance testing.
Where the emissions are met by the combination of FWD and MT for uplink, it is necessary to consider how to define the OBUE requirements and the ACLR. The OBUE requirements are based on offset from the RF bandwidth. Where emissions are defined on the combination of MT and FWD, the RF bandwidth should be based on the maximum RF bandwidth considering FWD passband and MT carrier positions. The core requirement can be defined in the same manner as for the Rel-17 repeater, based on the bandwidth edge.
[bookmark: _Hlk134291692][bookmark: _Toc135050902]If the TX emissions for the BS side are defined on the sum of MT and FWD, the RF bandwidth should be the total bandwidth of passband and the MT carrier.
The ACLR should take into account emissions from both FWD and MT. The MT will have a carrier bandwidth, and the FWD part has a nominal carrier bandwidth defined. When the emissions are defined on the combination of FWD and MT then, in order that the MT part can be measured, the ACLR carrier bandwidth for the combined emissions should defined as the MT carrier bandwidth.
[bookmark: _Toc135050903]If the TX emissions for the BS side are defined on the sum of MT and FWD, the bandwidth for the ACLR requirement shall be the MT channel bandwidth.

Emissions scaling and regulatory limits
In the previous meeting, it was proposed to scale spurious emissions according to the number of TAB connectors, or 9dB in the case of OTA. In some regions, regulatory limits do not allow for emissions scaling. For these requirements, the scaling should not be applied (in the same manner as the BS specification).
[bookmark: _Toc135050904]Emissions scaling shall not be defined where it is not allowed by regulations.

ON/OFF power and transient time
Since the TDD DL/UL pattern applies to both the NCR FWD and NCR MT, logically the FWD and MT, if switching, must switch at the same time.
The transient time could be defined and measured on FWD and MT together. However, it does no harm to define and measure the transient time separately either.
[bookmark: _Toc135050905]The transient time can be defined for FWD and MT separately

Due to simultaneous operation of FWD and MT, the OFF-power level should be met by the combined output of MT and FWD for DL.
[bookmark: _Toc135050906]The OFF power should be defined as the total OFF power from the MT and FWD

OTA FWD EVM
The EVM requirement for a repeater consists of two parts; the EVM requirement itself (defined on the output signal relative to the input signal) and a minimum input level above which the EVM requirement is applied.
The reason for the minimum input level is that, if the input signal level is small enough then the noise floor and internal noise in the repeater would result in an output signal with too low an SNR to meet the EVM requirement. The minimum input level is defined with a headroom (for repeater added noise) of 10dB above the thermal noise floor for WA repeaters, 15dB for MR repeaters and 18dB for LA repeaters.
In order to set the requirement for EVM for an OTA repeater, it is worthwhile to consider firstly the BS OTA requirement.
For an AAS-BS, there are multiple transmitters. The 1-H EVM requirement is set at each transmitter TAB connector.

[image: ]
Figure 1: 1-H BS EVM

The OTA EVM requirement is set in the far field. This means that, if the transmitter distortions would be completely uncorrelated then the per transmitter EVM can be higher for a 1-O basestation than for a 1-H basestation, because in the far field the wanted signal would experience beamforming gain whereas the distortion signal would not. However, the transmitter distortions are not uncorrelated between transmitters. The exact degree of correlation depends on the transmitter architecture. Since in any case what is of importance from a performance perspective is the EVM at the UE receiver, the OTA EVM requirement level is the same as the conducted EVM requirement level.
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Figure 2: 1-O BS EVM
[bookmark: _Toc135050895]For the BS, 1-H and 1-O EVM use the same EVM target
A repeater will consist of a number of RF chains. There may be beamforming both at the input to the receiver and at the output. In figure 3, the RDN at the input and RDN at the output is assumed to consist of static combining only. The input phase shifts implement input beamforming and the output phase shifts output beamforming.
Similar to a basestation, the distortion generated in each RF chain is likely to be correlated to some degree. For similar reasons to a BS, the EVM requirement in the far field of the repeater should be defined to be the same as the 1-C and 1-H EVM requirement, since the degree of correlation of the distortion is unknown and also the important performance parameter is the EVM experienced at the UE receiver.

[image: ]
Figure 3: Repeater EVM

[bookmark: _Toc135050907]The target EVM should be the same for 1-H and 1-O repeaters
A more complex issue is the minimum input power level. The signal arriving at the input antenna array will be increased in power according to the input antenna array gain. However, prior to the amplifier, the input signal experiences the gain of the sub-array that forms the input to the amplifier, not the whole array. If the EVM is to be achieved at the output of the individual amplifier then the input to the array should be not smaller than (Minimum Conducted Input Power – Input sub-array gain).
[bookmark: _Toc135050896]The minimum signal level at the input should not be below (Minimum Conducted Input Power – Input sub-array gain) if the EVM is to be achieved at the output of the amplifier.

The transmitted signal will then experience the array gain of the output array. Although the amount of gain of the wanted signal / transmitter distortion at the output depends on the correlation of the distortion, the ratio of the wanted signal / the amplifier induced thermal noise will not depend on the correlation. The thermal noise will be increased by the output element gain, but not by the 10log(N) gain of the output array. This implies that in principle, the minimum input signal level could be decreased by 10log(N) dB, where N is the number of amplifiers. However, if the input signal level is decreased to this level then it will become lower than the level needed to achieve EVM at each individual amplifier. The consequences of such a low input signal level are not clear and may be implementation dependent.
If the RF requirements on each individual amplifier are kept the same as for a 1-C, then the minimum input signal should be decreased by the input sub-array gain, but not changed according to the output antenna gain. This may not represent the lowest feasible input signal level at which EVM can be achieved, however it is a pragmatic approach that can produce a simple minimum requirement.
 
[bookmark: _Toc135050908]Define the minimum power level for WA for EVM as:
[bookmark: _Toc135050909]For 8% EVM: -82dBm – Input sub-array gain
[bookmark: _Toc135050910]For 3.5% EVM: -75dBm – Input sub-array gain

In the BS specifications, it is necessary to adjust interferer levels by the antenna module or element gain. To achieve this, the concept of sensitivity RoAoA was developed. The sensitivity RoAoA is the range of angles within which, with RX beamforming turned on, the RX sensitivity is within 3dB of the sensitivity in the peak (reference direction). The sensitivity RoAoA is an envelope on the beamforming gain and corresponds to the element or module pattern. The beamwidth of the RoAoA is used to estimate the antenna element or module gain (denoted by ΔOTAREFSENS) using a formula:

ΔOTAREFSENS = 44.1 - 10*log10(BeWθ,REFSENS*BeWφ,REFSENS) dB for the reference direction

For the repeater, a similar concept is needed, however there is no sensitivity requirement. The module or element gain of the input is traced out if the output signal is measured in a fixed direction and only the input arrival direction is varied. The repeater RoAoA could be defined as follows:
Repeater input RoAoA = The contour of input AoA along which the output EIRP, measured in the output reference direction is 3dB lower than the output EIRP in the output reference direction when an input signal is applied in the input reference direction.
Input sub-array gain = 44.1 - 10*log10(BeWθ,inputRoAoA*BeWφ, inputRoAoA) dB for the reference direction

[bookmark: _Toc135050911]Calculate the input sub-array gain as follows:
[bookmark: _Toc135050912]Repeater input RoAoA = The contour of input AoA along which the output EIRP, measured in the output reference direction is 3dB lower than the output EIRP in the output reference direction when an input signal is applied in the input reference direction.
[bookmark: _Toc135050913]Input sub-array gain = 44.1 - 10*log10(BeWθ,inputRoAoA*BeWφ, inputRoAoA) dB for the reference direction


Similar calculations can be made for MR and for LA.
[bookmark: _Toc135050914]Use the same approach as for WA to define the minimum input power for LA and MR EVM

A significant problem with the above approach is that, if there is combining between the phase shifter and the amplifier input then the above relationship between RoAoA and module gain will not hold. Unfortunately, in that case the gain prior to the amplifier will become dependent on the combining and not possible to capture in the specification. RAN4 needs to discuss what to do about this kind of architectures.
[bookmark: _Toc135050897]Proposals 10-12 only work if there is no combining between analogue phase shift and amplifier inputs. If there is phase shifting, the signal level at the amplifier input cannot be captured in a specification as it depends on combining implementation. The real minimum signal level would be lower than the level calculated in proposals 10-12 in that case.
Since, in the event of there being combining the signal level calculated by proposals 10-12 may be higher than the real minimum signal level, it may be satisfactory to still use proposals 10-12 to set a minimum requirement on the minimum signal level that would then be valid for all architectures.

OTA FWD input intermodulation
The conducted input intermodulation requirement specifies that when two CW signals are applied (with no input signal) the power level at the repeater output should not increase by more than 10dB.
For the OTA requirement, the output power must be measured over the air. There then arises the question whether the output power level should be EIRP or TRP. If the input intermodulation is to correspond to the conducted requirement (which corresponds in effect to TRP), and since the requirement relates to general interference into the surrounding spectrum (hence statistical probabilities relating to the positions of victims), the output power rise should be specified as 10dB rise in TRP with the CW applied compared to with no CW.
It should be noted that although the core requirement is defined for any combination of CW signals whose product falls into the passband, the conformance test is only performed for one CW combination. Thus, measuring TRP will not cause a substantial test time feasibility issue.
[bookmark: _Toc135050915]Define the input intermodulation requirement as the increase in TRP output from the repeater.
If the increase in power is measured as TRP at the output, then the output array gain will not have an impact on the requirement.
[bookmark: _Toc135050898]If TRP is used for the input intermodulation then the repeater output beamforming does not impact the requirement.

The input signal will experience antenna gain at the input. However, since the input signal is fed to each repeater branch individually, the input signal to each branch will be increased only by the antenna element or module gain at the input, not the array gain. It is thus necessary to adjust the input signal level by the input sub-array gain. This can be done using the same approach as described in proposal 11.

If the Repeater input RoAoA is defined and the formula used, then the input signal levels for the input intermodulation requirement should be defined as:

Input intermodulation signal power = Conducted power – Repeater sub-array gain
Again, in this case, if there is combining after the analogue phase shift and prior to the amplifier input then the formulation is correct and the input power will be too large. One way to deal with this is to base the requirement on the reference architecture of figure 3, in order that a fixed minimum requirement for input intermodulation is set and imply that a somewhat higher amplifier linearity is needed in the implementation to meet the requirement if there is combining after the phase shifter. This is reasonable, since combining before the amplifier and after the phase shifter will lead to higher input signals into the amplifier, whereas the magnitude of signals from other systems into the repeater will not depend on the repeater implementation.
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	If the emissions requirements are defined on the total emissions from MT and FWD, this does not imply that the emissions of MT and FWD need to be measured together as part of conformance testing.
Observation 2	For the BS, 1-H and 1-O EVM use the same EVM target
Observation 3	The minimum signal level at the input should not be below (Minimum Conducted Input Power – Input sub-array gain) if the EVM is to be achieved at the output of the amplifier.
Observation 4	Proposals 10-12 only work if there is no combining between analogue phase shift and amplifier inputs. If there is phase shifting, the signal level at the amplifier input cannot be captured in a specification as it depends on combining implementation. The real minimum signal level would be lower than the level calculated in proposals 10-12 in that case.
Observation 5	If TRP is used for the input intermodulation then the repeater output beamforming does not impact the requirement.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Downlink (i.e., UE side) TX emissions requirements are only defined for the NCR-FWD.
Proposal 2	If the NCR supports simultaneous MT and FWD transmission, then the UL (i.e. BS side) TX emissions requirements should be defined on the total emissions from MT and FWD.
Proposal 3	If the NCR does not support simultaneous MT and FWD transmission, then the UL (i.e. BS side) TX emissions requirements can be defined separately for the FWD and MT
Proposal 4	If the TX emissions for the BS side are defined on the sum of MT and FWD, the RF bandwidth should be the total bandwidth of passband and the MT carrier.
Proposal 5	If the TX emissions for the BS side are defined on the sum of MT and FWD, the bandwidth for the ACLR requirement shall be the MT channel bandwidth.
Proposal 6	Emissions scaling shall not be defined where it is not allowed by regulations.
Proposal 7	The transient time can be defined for FWD and MT separately
Proposal 8	The OFF power should be defined as the total OFF power from the MT and FWD
Proposal 9	The target EVM should be the same for 1-H and 1-O repeaters
Proposal 10	Define the minimum power level for WA for EVM as:
For 8% EVM: -82dBm – Input sub-array gain
For 3.5% EVM: -75dBm – Input sub-array gain
Proposal 11	Calculate the input sub-array gain as follows:
Repeater input RoAoA = The contour of input AoA along which the output EIRP, measured in the output reference direction is 3dB lower than the output EIRP in the output reference direction when an input signal is applied in the input reference direction.
Input sub-array gain = 44.1 - 10*log10(BeWθ,inputRoAoA*BeWφ, inputRoAoA) dB for the reference direction
Proposal 12	Use the same approach as for WA to define the minimum input power for LA and MR EVM
Proposal 13	Define the input intermodulation requirement as the increase in TRP output from the repeater.
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