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1. Introduction
This contribution provides the further analysis for the several remaining open issues for IAB-MT transmit signal quality requirements. A TP for TR 38.809 is provided in the Annex for approval.
2. Discussion
2.1 EVM measurement process
The EVM requirements for IAB-MT have been agreed but there’re different views on EVM measurement process. The choices are reusing UE requirements or reusing BS requirements. This clause first analyses the difference of BS and UE EVM measurement process and then provides the proposal.
2.1.1 Difference of BS and UE EVM measurement procedure
There are several main differences for BS and UE EVM measurement.
· Reference point


Figure 1: Reference point of BS EVM measurement
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Figure 2: Reference point of UE EVM measurement
The difference comes mainly from the physical channel processing procedure because of the difference of modulation and reference signals. UE transmits both OFDM and DFT-OFDM signal, therefore the reference point for UE has two possibilities according to the UL signals. BS only transmits OFDM signal. Even with the same OFDM signal, there’re some difference in detail because of the reference signal scheme is different. 
· Window length
The EVM window length for BS and UE are slightly different. Some of the UE window length is larger because of UE implementation cost such as the taps of digital filter, WOLA, etc.
· Equalizer coefficients calculation
The equalizer coefficients calculation is different because the reference signals for UL and DL are different. BS coefficients need interpolation and some smoothing because the RS signals don’t exist on every subcarrier.
· Spectrum flatness
UE has EVM spectrum flatness requirement but BS doesn’t have because BS Tx channel response is relatively better than UE. The BS EVM spectrum flatness performance is good enough and doesn’t bring problem for the ZF equalizer using in the EVM measurement.
· EVM for DMRS and EVM for PRACH
UE has requirements for DMRS and PRACH but BS has not.
2.1.2 IAB-MT EVM measurement process
According to the analysis in 2.1, BS and UE EVM measurement processes are different. The main reason comes from the difference of UL and DL signals, such as the modulation scheme, the RS signal resource, etc.  As IAB-MT transmits UL signal, IAB-MT should use UE EVM measurement process including all of the above aspects. The availability of test equipment should also be considered, any slight change of the test would require new features for the test equipment. Therefore, we propose the whole UE EVM measurement process is reused by IAB-MT EVM measurement.
Proposal 1: The whole UE EVM measurement process is reused by IAB-MT.
2.2 In band emission
The motivation of defining UE in-band emission requirements is to guarantee the emissions in the non-allocated RBs don’t interfere other UE much to make sure the system performance is in an accepted level. Both FR1 and FR2 UE in-band emission requirement includes general, IQ Image and carrier leakage requirement.
In last meeting, we considered no in-band emission requirements for IAB-MT or at least for WA IAB-MT. After more consideration, we think it may be necessary that LA-MT follows the commercial UE requirements because LA-MT may be deployed close to UE. For WA-MT, the requirements may also be needed. WA MT’s output power is much larger than commercial UE, although the distance between WA-MT and UE is larger but having some in-band emission requirements may do benefit to the system performance. So we slightly support defining in-band emission requirements for WA MT. The in-band mission requirements are relative requirements compared with the output power, the same requirements can be considered for the two classes.
The Tx power dynamic range was agreed in the last meeting that 5 dB for WA MT and 10 dB for LA MT. The dynamic range is much smaller than the commercial UE, the agreements in [4] is reasonable that only the large signal is tested. The same approach can also be reused for FR1.
The FR1 requirement can be defined as following, revision marks are added compared with the UE FR1 requirement.
-----------------------------------------------------------------------------
In-band emission is specified at maximum power level
Table 6.4.2.3-1: Requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	



	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency  but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see clause  5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see clause 5.3).
NOTE 8:	EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:	 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.


----------------------------------------------------------------------------------------
The FR2 requirement is defined as following, revision marks are added compared with the UE FR2 requirement.
-----------------------------------------------------------------------------------------
In-band emission is specified at maximum power level

Table 6.4.2.3.2-1: Requirements for in-band emissions for power class 1
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Output power > 27 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 27 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 17 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	4 dBm ≤ Output power ≤ 17 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (PRB - 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB = 1 or RB = -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.


-----------------------------------------------------------------------------------
According to the above analysis, we have the following proposal.
Proposal 2: For in-band emission requirements, keep the previous agreement for FR2 in [1] and the same approach is used for FR1.
There’s another issue that there’s no OTA requirement for UE in-band emission requirement. As it’s a relative requirement, the UE FR1 conducted requirements can be reused for type 1-O.
Proposal 3: IAB-MT type 1-O in-band emission requirement follows type 1-H requirements.
2.3 Carrier leakage
Carrier leakage is part of in-band emission and is also defined in a separate clause. Carrier leakage requirements can be defined according to the discussion and proposal in 2.2. There’s a minor issue that DC location is reported by UE and it should be removed from the EVM test. In LTE, DC location usually exists in the center of carrier frequency. NR uses BWP approach so DC location may not be in the position of the center frequency.  UE reports to the location of the carrier leakage and the measurement equipment measure carrier leakage according to the report.
The current UE DC location is based on the UE signaling report as the following in TS 38.331
---------------------------------------------
txDirectCurrentLocation
The uplink Tx Direct Current location for the carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification. 
----------------------------------------------
IAB-MT can reuse UE’s mechanism. In current UE spec, carrier leakage requirement doesn’t explicitly capture the above report mechanism. The correction CR in RAN4 only corrected the in-band emission part. But 
in the RAN5 test cases, it was listed in the requirement in TS 38.521
--------------------------------------------
Table 6.4.2.2.5-1: Test requirements for Relative Carrier Leakage Power
	Parameters
UE output power
	Relative limit (dBc)

	10 + MU to 10 + (MU + Uplink power control window size) dBm
	-28 + TT

	0 + MU to 0 + (MU + Uplink power control window size) dBm
	-25 + TT

	-30 + MU to -30 + (MU + Uplink power control window size) dBm
	-20 + TT

	Pmin + MU to Pmin + (MU + Uplink power control window size) dBm
	-10 + TT

	NOTE 1:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
NOTE 2:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB. 

NOTE 3:	 is the Transmission Bandwidth Configuration (see Section 5.3).
NOTE 4:	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
NOTE 5:	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) = 1.7dB, where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size.
NOTE 6:	Test tolerance TT = 0.8 dB.
NOTE 7:	Pmin is the minimum output power according to Table 6.3.1.3-1.


-----------------------------------------------------
In order to highly align with UE spec, we propose to use the same approach with UE spec.
Proposal 4: Carrier leakage requirement treatment follows UE approach, i.e. the report mechanism is captured in the in-band emission requirement and in the test requirement.
As carrier leakage requirement is a relative requirement, the UE FR1 conducted requirements can be reused for type 1-O.
Proposal 5: IAB-MT type 1-H and type 1-O in-band emission requirement reuses UE FR1 requirements.
Proposal 6: IAB-MT type 2-O in-band emission requirement reuses UE FR2 requirements.
2.4 EVM equalizer spectrum flatness
The motivation of the EVM equalizer spectrum flatness requirement is described in TS 38.101 as following,
---------------------------
The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex F) must meet a spectral flatness requirement for the EVM measurement to be valid.
---------------------------
The EVM spectrum flatness is derived from the equalizer coefficients generated by the EVM measurement process. Zero forcing equalizer is a linear equalizer. When there’s much noise in the channel, ZF equalizer’s performance is not good and other equalizer may be needed. Therefore, EVM spectrum flatness needs to meet some requirement to make the EVM measurement method valid. One thing should be noted that ZF equalizer is also used by BS but there’s no EVM equalizer spectrum flatness requirement. The reason is that BS channel response for BS Tx is good enough and it will not impact the EVM measurement. However, if there’s no requirement for UE, there will be some issues for the EVM measurement. Therefore, if EVM equalizer spectrum flatness is needed depends on how well the implementation is. In the UE EVM equalizer spectrum flatness requirement discussion, UE implementation capability is the main aspects considered but not the system requirement.
Looking at the implementations of WA MT and LA MT, WA MT is more like a BS then the EVM equalizer spectrum flatness is good enough and the requirement may not be needed. For LA MT, the implementation may be more like commercial UE, EVM equalizer spectrum flatness may not be that good because of filter, non-linear performance of PA, etc. Therefore, WA MT may not need the flatness requirement. However, considering the EVM equalizer spectrum flatness requirement is not a complex requirement and the EVM measurement process already can get the equalizer coefficients for both WA MT and LA MT. It’s not a burden for WA MT if the requirement is defined. WA MT may be very easy to meet the requirement, but considering defining the same requirement may be simpler from the spec and the measurement equipment perspective, the requirement can be defined for WA MT.
Proposal 7: EVM equalizer spectrum flatness requirement is defined for both WA MT and LA MT.
As EVM equalizer spectrum flatness requirement is a relative requirement, the UE FR1 conducted requirements can be reused for type 1-O. It’s difficult to test radiated requirements, so the ETC requirement doesn’t apply to IAB-MT type 1-O.
Proposal 8: EVM equalizer spectrum flatness requirement for IAB-MT type 1-H reuses UE FR1 requirement.
Proposal 9: EVM equalizer spectrum flatness requirement for type 1-O is the same as IAB-MT type 1-H normal temperature requirement.
Proposal 10: EVM equalizer spectrum flatness requirement for IAB-MT type 2-O reuses UE FR2 requirement.
3. Conclusion
This contribution provides the further thinking of IAB-MT transmit signal quality. 
For EVM measurement procedure, we have the following proposal,
Proposal 1: The whole UE EVM measurement process is reused by IAB-MT.
For in-band emission requirements, we have the following proposals.
Proposal 2: For in-band emission requirements, keep the previous agreement for FR2 in [1] and the same approach is used for FR1.
Proposal 3: IAB-MT type 1-O in-band emission requirement follows type 1-H requirements.
For carrier leakage requirements, we have the following proposals.
Proposal 4: Carrier leakage requirement treatment follows UE approach, i.e. the report mechanism is captured in the in-band emission requirement and in the test requirement.
Proposal 5: IAB-MT type 1-H and type 1-O in-band emission requirement reuses UE FR1 requirements.
Proposal 6: IAB-MT type 2-O in-band emission requirement reuses UE FR2 requirements.
For EVM equalizer spectrum flatness, we have the following proposal,
Proposal 7: EVM equalizer spectrum flatness requirement is defined for both WA MT and LA MT.
Proposal 8: EVM equalizer spectrum flatness requirement for IAB-MT type 1-H reuses UE FR1 requirement.
Proposal 9: EVM equalizer spectrum flatness requirement for type 1-O is the same as IAB-MT type 1-H normal temperature requirement.
Proposal 10: EVM equalizer spectrum flatness requirement for IAB-MT type 2-O reuses UE FR2 requirement.
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[bookmark: _Toc43107538]7.5.1 IAB-DU transmitted signal quality
As the IAB-DU behavior is very similar with BS, all of the transmitted signal quality requirements can be imported from BS. Therefore, the frequency error, modulation quality and time alignment error requirements in clause 6.5.1, 6.5.2, 6.5.3 for BS type 1-H in TS 38.104 [TBD] apply to IAB-DU type 1-H.
7.5.2 IAB-MT transmitted signal quality
7.5.2.1 Frequency error
As IAB-MT function is more like a UE, UE frequency error correction can be a reference. When BS transmits DL signal to UE, UE does frequency error correction algorithm to make sure UE follows BS with a relative low residual frequency error as said in TS 36.922,
“According to the OFDM performance analysis, as long as the residual frequency error after compensation is less than one percent of the subcarrier interval, the link performance degradation can be ignored.”
If 15KHz SCS is used, one percent is 150 Hz which is 0.1 ppm for 1.5 GHz and less than 0.1 ppm of the higher carrier frequency. For higher modulation such as 256 QAM, the residual frequency error should be much smaller. Therefore, in order to support high modulation, UE frequency offset correction algorithm should make the residual frequency error less than +/- 0.1ppm. The UE frequency offset correction algorithm follows BS carrier frequency through DL signals that’s why the UE frequency error should be defined as relative frequency error not absolute frequency error.
When IAB-MT receives BS DL signal, the similar frequency error correction algorithm should be used to make high modulation support possible. IAB-MT frequency error requirement should reuse UE requirement which is defined as relative requirement as +/-0.1 PPM relative to received signal from parent node. Considering forward compatibility, Doppler frequency shift due to mobility also is a reason for relative requirement for IAB-MT frequency error.
Therefore, IAB-MT frequency error requirement is defined to reuse UE requirements as ± 0.1 PPM compared to the carrier frequency received from the parent node 
7.5.2.2 Transmit modulation quality
7.5.2.2.1 Error Vector Magnitude
EVM performance is the SNR performance of the transmitted signal. In order to have the same link performance, IAB-MT output signal quality should have the same performance as UE then guarantee the link quality. UE requirements are reused by IAB-MT EVM requirements. The difference is that BPSK EVM requirement is removed considering BPSK modulation is not likely to be used by the backhaul link. For the aspect of EVM measurement process, there was some consideration that if EVM measurement process for BS can be reused by IAB-MT. There’re some other differences such as reference point, physical channels consideration, window length, equalizer coefficients calculation and consideration of spectrum flatness. The difference mainly comes from the physical layer differences between UL and DL. Although IAB-MT is in the network IAB node, IAB-MT transmits UL signals. The EVM analysis process for IAB-MT should be the same as UE. Therefore, IAB-MT EVM measurement process should follow UE EVM measurement process.
7.5.2.2.2 Carrier leakage
For UE, carrier leakage is part of in-band emission and is also defined in a separate clause. Carrier leakage requirements can refer UE requirements but only is defined in the maximum output power level because the IAB-MT output power dynamic range is defined much smaller than UE. There’s a minor issue that DC location is reported by UE and it should be removed from the EVM test. NR uses BWP approach so DC location may not be in the position of the center frequency. UE reports to the location of the carrier leakage and the measurement equipment measure carrier leakage according to the report.
The current UE DC location is based on the UE signaling report as the following in TS 38.331
---------------------------------------------
txDirectCurrentLocation
The uplink Tx Direct Current location for the carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification. 
----------------------------------------------
IAB-MT can reuse UE’s mechanism. In current UE spec, carrier leakage requirement doesn’t explicitly capture the above report mechanism. But in the RAN5 test cases, it was listed in the requirement in TS 38.521
--------------------------------------------
Table 6.4.2.2.5-1: Test requirements for Relative Carrier Leakage Power
	Parameters
UE output power
	Relative limit (dBc)

	10 + MU to 10 + (MU + Uplink power control window size) dBm
	-28 + TT

	0 + MU to 0 + (MU + Uplink power control window size) dBm
	-25 + TT

	-30 + MU to -30 + (MU + Uplink power control window size) dBm
	-20 + TT

	Pmin + MU to Pmin + (MU + Uplink power control window size) dBm
	-10 + TT

	NOTE 1:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
NOTE 2:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB. 

NOTE 3:	 is the Transmission Bandwidth Configuration (see Section 5.3).
NOTE 4:	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
NOTE 5:	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) = 1.7dB, where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size.
NOTE 6:	Test tolerance TT = 0.8 dB.
NOTE 7:	Pmin is the minimum output power according to Table 6.3.1.3-1.


-----------------------------------------------------
In order to highly align with UE spec, the same approach as UE spec can be reused by IAB-MT. Therefore IAB-MT type 1-H in-band emission requirement reuses UE FR1 requirements.
7.5.2.2.3 In-band emissions
The motivation of defining UE in-band emission requirements is to guarantee the emissions in the non-allocated RBs don’t interfere other UE much to make sure the system performance is in an accepted level. Both FR1 and FR2 UE in-band emission requirement includes general, IQ Image and carrier leakage requirement.
It’s necessary that LA-MT follows the commercial UE requirements because LA-MT may be deployed close to UE. For WA-MT, the requirements may also be needed. WA MT’s output power is much larger than commercial UE. Although the distance between WA-MT and UE is larger, having some in-band emission requirements may do benefit to the system performance. The in-band mission requirements are relative requirements compared with the output power, the same requirements can be considered for the two classes.
The Tx power dynamic range was agreed that 5 dB for WA MT and 10 dB for LA MT. The dynamic range is much smaller than the commercial UE,  the requirements are made simpler for the following aspects.
· The requirement is specified at maximum power level.
· The noise floor part is removed from general part.
The requirement is defined as following table,
Table 7.5.2.2.3-1: Requirements for in-band emissions for IAB-MT type 1-H
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-28
	Carrier leakage frequency (NOTES 4, 5)

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of  - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency  but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see clause  5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see clause 5.3).
NOTE 8:	EVM is the limit specified in Table 6.4.2.1-1 for the modulation format used in the allocated RBs.

NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:	 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm. 
NOTE 11:	For almost contiguous allocations defined in sub-clause 6.2.2, LCRB = NRB_alloc + NRB_gap with no in-gap emission requirement.



7.5.2.2.4 EVM equalizer spectrum flatness
The motivation of the EVM equalizer spectrum flatness requirement is described in TS 38.101 as following,
---------------------------
The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex F) must meet a spectral flatness requirement for the EVM measurement to be valid.
---------------------------
The EVM spectrum flatness is derived from the equalizer coefficients generated by the EVM measurement process. Zero forcing equalizer is a linear equalizer. When there’s much noise in the channel, ZF equalizer’s performance is not good and other equalizer may be needed. Therefore, EVM spectrum flatness needs to meet some requirement to make the EVM measurement method valid. One thing should be noted that ZF equalizer is also used by BS but there’s no EVM equalizer spectrum flatness requirement. The reason is that BS channel response for BS Tx is good enough and it will not impact the EVM measurement. However, if there’s no requirement for UE, there will be some issues for the EVM measurement. Therefore, if EVM equalizer spectrum flatness is needed depends on how well the implementation is. However, in the UE EVM equalizer spectrum flatness requirement discussion, UE implementation capability is the main aspects considered but not the system requirement.
Looking at the implementations of WA MT and LA MT, WA MT is more like a BS then the EVM equalizer spectrum flatness is good enough and the requirement may not be needed. For LA MT, the implementation may be more like commercial UE, EVM equalizer spectrum flatness may not be that good because of filter, non-linear performance of PA, etc. Therefore, WA MT may not need the flatness requirement. However, considering the EVM equalizer spectrum flatness requirement is not a complex requirement and the EVM measurement process already can get the equalizer coefficients for both WA MT and LA MT. It’s not a burden for WA MT if the requirement is defined. WA MT may be very easy to meet the requirement, but considering defining the same requirement may be simpler from the spec and the measurement equipment perspective, the requirement can be defined for WA MT.
With the above analysis, EVM equalizer spectrum flatness requirement is defined for both WA MT and LA MT. As EVM equalizer spectrum flatness requirement is a relative requirement, the UE FR1 conducted requirements can be reused for type 1-O. Therefore, EVM equalizer spectrum flatness requirement for IAB-MT type 1-H and type 1-O reuses UE FR1 requirement. EVM equalizer spectrum flatness requirement for IAB-MT type 2-O reuses UE FR2 requirement.

[bookmark: _Toc13080357][bookmark: _Toc18916187][bookmark: _Toc43107556]
<Next part>
9.6	OTA transmitted signal quality
[bookmark: _Toc43107557]9.6.1 IAB-DU OTA transmitted signal quality
As the IAB-DU behavior is very similar with BS, all of the transmitted signal quality requirements can be imported from BS. Therefore, the frequency error, modulation quality and time alignment error requirements in clause 9.6.1, 9.6.2 and 9.6.3 for BS type 1-O and  type 2-O in TS 38.104 [TBD] apply to IAB-DU type 1-O and type 2-O respectively.
9.6.2 IAB-MT OTA transmitted signal quality
9.6.2.1 Frequency error
IAB-MT OTA transmitted signal quality requirement analysis is the same as the conducted requirements in 7.5.2.1 that IAB-MT should follow parent node’s center frequency. IAB-MT type 1-O and type 2-O OTA frequency error reuses UE requirements to be +/-0.1 PPM relative to received signal from parent node.
9.6.2.2.1 Error Vector Magnitude
IAB-MT OTA EVM requirement analysis is the same as the conducted requirement in 7.5.2.2.1. IAB-MT type1-O EVM requirements should be the same with conducted requirements. IAB-MT type2-O EVM requirement reuses UE FR2 EVM requirements with the exception that BPSK requirement is removed.
9.5.2.2.2 Carrier leakage
The technical analysis for IAB-MT carrier leakage requirement can be found in 7.5.2.2.2. As carrier leakage requirement is a relative requirement, the UE FR1 conducted requirements can be reused for type 1-O. IAB-MT type 2-O carrier leakage requirement reuses UE FR2 requirements.
9.5.2.2.3 In-band emissions
The technical analysis for IAB-MT In-band emissions requirement can be found is 7.5.2.2.3. For IAB-MT type 1-O, the radiated requirement for in-band emissions is the same as type 1-H in 7.5.2.2.3.
According to the similar analysis in 7.5.2.2.3, IAB-MT type 2-O in-band emissions requirement follows UE FR2 requirements and are made simpler for the following aspects.
· The requirement is specified at maximum power level.
· The noise floor part is removed from general part.
The requirement is defined as the following table,
Table 9.5.2.2.3-1: Requirements for in-band emissions for IAB-MT type 2-O
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Image frequencies (NOTES 2, 3)

	Carrier leakage
	dBc
	-25
	Carrier frequency (NOTES 4, 5)

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply.  is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB = 1 or RB = -1 for the first adjacent RB outside of the allocated bandwidth).
NOTE 10:	is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	All powers are EIRP in beam peak direction.


9.6.2.2.4 EVM equalizer spectrum flatness
The technical analysis for IAB-MT EVM equalizer spectrum flatness requirement can be found in 7.5.2.2.4. For IAB-MT type 1-O, the radiated requirements for EVM equalizer spectrum flatness is the same as type 1-H normal temperature requirements in 7.5.2.2.4. For IAB-MT type 2-O, UE FR2 requirement is reused.
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