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1	Introduction 
During the RAN4 meeting #108, Power Amplifier (PA) measurements targeting eRedCap HD-FDD operation in Band n13 (with filter-less front-end architecture) demonstrated that additional back-off is needed to pass the Band 14 DL range UE coexistence protection requirements [1]. It was proposed in Way Forward (WF) [2] to study the introduction of a new 2dB ∆MPR for Band n13. In this contribution we present illustrative PA emission measurements for Band n13 operation for both RedCap and eRedCap UEs. We also present additional measurements for operation in Band n26 and Band n71 and propose options to address the UE coexistence challenges due to filter-less front-end assumptions.
2 Discussion
2.1 Background
We reproduce in Table 1 the WF agreement [2] which invited companies to determine if a 2dB ∆MPR for Band n13 is required to pass the -50dBm/MHz protection level over the downlink (DL) B14 frequency range.  
[bookmark: _Ref146644725]Table 1: 2dB ∆MPR for Band n13 to ensure DL B14 protection at -50dBm/MHz for filter-less eRedCap HD-FDD UE.
	NR Band
	Power class
	Channel Bandwidth
	∆MPR (dB)

	n28 and n83
	Power class 3
	30 MHz
	0.5

	n40 and n97
	Power class 3 and power class 2
	100 MHz
	1

	n71
	Power class 3
	25 MHz
30 MHz
	0.5

	n13
	Power class 3
	5MHz
10MHz
	21

	NOTE 1:	Applicable for Rel-18 eRedCap UE for RB allocations > 20RB and RB start frequency is < FUL_low + 2MHz.



During off-line discussions, various options were discussed. These were designed to ensure that DL B14 protection requirements are met:
· Introduce new NS value and A-MPR specific to eRedCap HD-FDD with filter-less front-end,
· Consider uplink (UL) channel Bandwidth (CBW) and/or UL resource block (RB) allocation restrictions,
· Consider change of RF front-end (RF-FE) architecture to rely on post-PA filter rejection.

Observation 1: For filter-less eRedCap HD-FDD front-end architectures, four mitigation techniques may be considered as methods to pass UE coexistence Band protection requirements:
· Option 1: Introduce new ∆MPR requirements for each challenging operating Band.
· Option 2: Introduce new A-MPR/NS values per Band of operation per challenging DL protection range.
· Option 3: Introduce UL RB and/or UL CBW restrictions.
· Option 4: Consider change of RF-FE architecture to assume a post-PA filter rejection.

We consider that Option 1 should be ruled out because the introduction of ∆MPR impacts all types of UEs that operate in Band n13. Hence it is difficult to accept such a generic relaxation to solely resolve a particular category of eRedCap UEs.
Proposal 1: Rule out the introduction of new ∆MPR in challenging frequency Bands of operation (Option 1).
In this paper we present PA measurement results to evaluate Options 2,3,4 in Bands n13, n26 and n71 for:
· filter-less HD-FDD RedCap UE in clause 2.3,
· filter-less HD-FDD eRedCap UE in clause 2.4 where 5MHz 25RB QPSK waveforms are evaluated.
2.2 PA Calibration
· Post PA losses: 2dB for (e)RedCap filter-less RF-FE [1]
· Power Class 3 (PC3) operation
· The PA linearity is calibrated using a 20 MHz channel Bandwidth (CBW), 15 kHz SCS, QPSK, DFT-S-OFDM, with UL 100 RB configured at the lower channel edge to meet ACLR -30dBc with 1 dB MPR
· Local Oscillator (LO) leakage: -28dBc
· IQ Image rejection: -28dB
· C-IM3: -60dBc
· C-IM5: -70dBc
· Far out-of-Band PA + RF transceiver flat noise PSD: -130dBm/Hz.
2.3 Measurement Results for highest CBW fully allocated waveforms
This clause presents measurements results representative of a filter-less HD-FDD RedCap UE where we assume the following test conditions:
· Fully allocated QPSK DFT-s-OFDM SCS 15 kHz waveforms, with UL RB positioned closest to the protected DL frequency range.
· MPR 1 is used, as this is the allowance for full QPSK DFT-s-OFDM allocations.
· UL carrier frequency "UL Fc" configured closest to the protected DL frequency range.
· Highest supported eRedCap UL CBW.
· Filter-less RF-FE architecture.
· The PA emission levels are measured in the closest proximity DL frequency range. The downselection of such "closest DL frequency ranges" is based on selecting DL ranges which are affected by an ACLR order of less than ~4.
[bookmark: _Ref146639774]Results for Band n13, Band n26, and Band n71 are summarized in Table 2, Table 3 and Table 4, respectively. In each table, a minimum filter rejection budget is calculated assuming 2 dB post-loss to evaluate Option 4. A sample spectrum plot is shown in Figure 1 for Band n13 MPR1.
Table 2: Band n13 MPR1 10MHz UL CBW emissions in DL B12,13,14,17,85,103 and range 769-775MHz.
	UL Band
	UL Fc
	UL BW
	SCS of UL Band
	UL RB Allocation
	DL Band
	DL Fc
	MBW
	MPR 1 level1
	Reqt
	Filter minimum rejection budget

	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	
	(MHz)
	(MHz)
	(dBm/MBW)
	(dBm/MBW)
	(dB)

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	B12
	745.50
	1
	-48.4
	-50
	1.6

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	B13
	755.50
	1
	-35.4
	-50
	14.6

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	B14
	767.50
	1
	-27.3
	-50
	22.7

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	B17
	745.50
	1
	-48.4
	-50
	1.6

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	B85
	745.50
	1
	-48.4
	-50
	1.6

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	B103
	757.40
	1
	-34.2
	-50
	15.8

	n13
	782.00
	10
	15
	50 (RBstart= 0)
	769-775
	774.996
	0.00625
	-35.8
	-35
	n-a

	NOTE 1:  assumes 2dB post-PA loss for eRedCap HD-FDD filter-less front-end


[bookmark: _Ref146640046]
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Figure 1: Example of measured PA output emissions for Band n13 10MHz fully allocated at MPR1.





Table 3: Band n26 MPR1 20MHz UL CBW emissions in DL B26,18, 5, 19, 12, 17, 85, 13, 14, 29, 103.
	UL Band
	UL Fc
	UL BW
	SCS of UL Band
	UL RB Allocation
	DL Band
	DL Fc
	MBW
	MPR 1 level1
	Reqt
	Filter minimum rejection budget

	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	
	(MHz)
	(MHz)
	(dBm/MBW)
	(dBm/MBW)
	(dB)

	n26
	839.0
	20
	15
	100 (RBstart= 6)
	B26
	859.5
	1
	-20.4
	-50
	29.6

	n26
	839.0
	20
	15
	100 (RBstart= 6)
	B18
	860.5
	1
	-20.5
	-50
	29.5

	n26
	839.0
	20
	15
	100 (RBstart= 6)
	B5
	869.5
	1
	-31.8
	-50
	18.2

	n26
	839.0
	20
	15
	100 (RBstart= 6)
	B19
	875.5
	1
	-31.5
	-50
	18.5

	n26
	824.0
	20
	15
	100 (RBstart= 0)
	B12/B17/B85
	745.5
	1
	-52.7
	-50
	n-a

	n26
	824.0
	20
	15
	100 (RBstart= 0)
	B13
	755.5
	1
	-48.5
	-50
	1.5

	n26
	824.0
	20
	15
	100 (RBstart= 0)
	B14
	767.5
	1
	-39.3
	-50
	10.7

	n26
	824.0
	20
	15
	100 (RBstart= 0)
	B29
	727.5
	1
	-56.7
	-50
	n-a

	n26
	824.0
	20
	15
	100 (RBstart= 0)
	B103
	757.4
	1
	-47.7
	-50
	2.3

	NOTE 1:  assumes 2dB post-PA loss for eRedCap HD-FDD filter-less front-end


[bookmark: _Ref146641081]
Table 4: Band n71 MPR1 20MHz UL CBW emissions in DL B71,12, 13, 14, 28, 29, 85, 103.
	UL Band
	UL Fc
	UL BW
	SCS of UL Band
	UL RB Allocation
	DL Band
	DL Fc
	MBW
	MPR 1 level1
	Reqt
	Filter minimum rejection budget

	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	
	(MHz)
	(MHz)
	(dBm/MBW)
	(dBm/MBW)
	(dB)

	n71
	673.0
	20
	15
	100 (RBstart= 0)
	B71
	651.5
	1
	-20.5
	-50
	29.5

	n71
	688.0
	20
	15
	100 (RBstart= 6)
	B12
	729.5
	1
	-37.5
	-50
	12.5

	n71
	688.0
	20
	15
	100 (RBstart= 6)
	B13
	746.5
	1
	-51.8
	-50
	n-a

	n71
	688.0
	20
	15
	100 (RBstart= 6)
	B14
	758.5
	1
	-56.2
	-50
	n-a

	n71
	688.0
	20
	15
	100 (RBstart= 0)
	B17
	734.5
	1
	-39.0
	-50
	11.0

	n71
	688.0
	20
	15
	100 (RBstart= 0)
	B28
	758.5
	1
	-56.2
	-50
	n-a

	n71
	688.0
	20
	15
	100 (RBstart= 0)
	B29
	717.5
	1
	-31.7
	-50
	18.3

	n71
	688.0
	20
	15
	100 (RBstart= 0)
	B85
	728.5
	1
	-37.1
	-50
	12.9

	n71
	688.0
	20
	15
	100 (RBstart= 0)
	B103
	757.6
	1
	-55.9
	-50
	n-a

	NOTE 1:  assumes 2dB post-PA loss for eRedCap HD-FDD filter-less front-end



These measurements confirm that the DL frequency ranges with protection level of -50dBm/MHz and with closest proximity to the UL carrier are the most challenging cases. By order of decreasing filter rejection budget, these critical cases are:
· For Band n13: 
· DL B14: ~ 23dB filter rejection,
· DL B103: ~16dB filter rejection,
· own DL Band: ~ 15dB filter rejection,
· For Band n26:
· own DL Band and DL B18: ~ 30dB filter rejection,
· DL B5 and DL B19: ~19dB filter rejection
· DL B14: ~ 11dB filter rejection
· For Band n71:
· own DL Band: ~ 30dB filter rejection,
· DL B29: ~ 18dB filter rejection,
· DL B85 and DL B12: ~ 13dB filter rejection,
· DL B17: ~ 11dB filter rejection.

Other challenging bands are Band n1, n2, n3, n5, n7, n8, n12, n18, n20, n25, n28, n65 and n85 for which we do not present measurement data. However, the following FDD bands should not pose a significant UE coexistence challenge: Band n24, Band n66, and Band n70.

Observation 2: Using a full MPR 1 allowance, preliminary measurements for filter-less HD-FDD RedCap UE operating in Band n13, Band n26, and Band n71, at the highest UL CBW, indicate that some DL frequency ranges require the following minimum filter rejection:

· For Band n13: ~23 dB for DL B14, ~16 dB for DL B103, ~15 dB for its own DL frequency range.
· For Band n26: ~30 dB for own DL band and DL B18, ~19 dB for DL B5 and DL B19 and ~11 dB for DL B14.
· For Band n71: ~30 dB for own DL band, ~18 dB for DL B29, ~13 dB for DL B85/B12, and ~ 11 dB for DL B17.
· Note that these post-PA filter rejections can be met with a high margin using an FDD duplexer front-end.
· We are confident that similar challenges may be posed for operation in Bands n1, n2, n3, n5, n7, n8, n12, n18, n20, n25, n28, n65, and n85. 
· It is reasonable to conclude that operations in Band n24, Band n66, and Band n70 would not be problematic.
2.3 Preliminary results for minimum UL CBW – 25RB Allocations
To evaluate Option 3, we present preliminary results representative of an eRedCap UE for 5MHz CBW with fully allocated waveforms, i.e.. with UL Lcrb=25RBs. These waveforms may not always represent the worst-case scenario, but are provided here only for comparison purposes with the results from the previous clause 2.2.
Results for Band n13, Band n26 and Band n71 are summarized in Table 5,Table 6 and Table 7 respectively. A sample spectrum plot is shown in Figure 1 for Band n13 5MHz CBW fully allocated at MPR1.
[bookmark: _Ref146641071]Table 5: Band n13 MPR1 5MHz UL CBW emissions in DL B12,13,14,17,85,103 and range 769-775MHz.
	UL Band
	UL Fc
	UL BW
	SCS of UL Band
	UL RB Allocation
	DL Band
	DL Fc
	MBW
	MPR 1 level1
	Reqt
	Filter minimum rejection budget

	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	
	(MHz)
	(MHz)
	(dBm/MBW)
	(dBm/MBW)
	(dB)

	n13
	779.5
	5
	15
	25 (RBstart= 0)
	B12
	745.50
	1
	-57
	-50
	n-a

	n13
	779.5
	5
	15
	25 (RBstart= 0)
	B13
	755.50
	1
	-50.7
	-50
	n-a

	n13
	779.5
	5
	15
	25 (RBstart= 0)
	B14
	767.50
	1
	-30.5
	-50
	19.5

	n13
	779.5
	5
	15
	25 (RBstart= 0)
	B17
	745.50
	1
	-57
	-50
	n-a

	n13
	779.5
	5
	15
	25 (RBstart= 0)
	B85
	745.50
	1
	-57
	-50
	n-a

	n13
	779.5
	5
	15
	25 (RBstart= 0)
	B103
	757.40
	1
	-48.3
	-50
	15.8

	NOTE 1:  assumes 2dB post-PA loss for eRedCap HD-FDD filter-less front-end


[bookmark: _Ref146642549]
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Figure 2: Example of measured PA output emissions for Band n13 10MHz fully allocated at MPR1.



Table 6: Band n26 MPR1 5MHz UL CBW emissions in DL B26,18, 5, 19, 12, 17, 85, 13, 14, 29, 103.
	[bookmark: _Ref146643073]UL Band
	UL Fc
	UL BW
	SCS of UL Band
	UL RB Allocation
	DL Band
	DL Fc
	MBW
	MPR 1 level1
	Reqt
	Filter minimum rejection budget

	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	
	(MHz)
	(MHz)
	(dBm/MBW)
	(dBm/MBW)
	(dB)

	n26
	846.5
	5
	15
	25 (RBstart= 0)
	B26
	859.5
	1
	-30.7
	-50
	19.3

	n26
	846.5
	5
	15
	25 (RBstart= 0)
	B18
	860.5
	1
	-32.9
	-50
	17.1

	n26
	846.5
	5
	15
	25 (RBstart= 0)
	B5
	869.5
	1
	-51.1
	-50
	n-a

	n26
	846.5
	5
	15
	25 (RBstart= 0)
	B19
	875.5
	1
	-57.4
	-50
	n-a

	n26
	816.5
	5
	15
	25 (RBstart= 0)
	B12/B17/B85
	745.5
	1
	-58.7
	-50
	n-a

	n26
	816.5
	5
	15
	25 (RBstart= 0)
	B13
	755.5
	1
	-58.3
	-50
	n-a

	n26
	816.5
	5
	15
	25 (RBstart= 0)
	B14
	767.5
	1
	-57.6
	-50
	n-a

	n26
	816.5
	5
	15
	25 (RBstart= 0)
	B29
	727.5
	1
	-58.8
	-50
	n-a

	n26
	816.5
	5
	15
	25 (RBstart= 0)
	B103
	757.4
	1
	-58.3
	-50
	n-a

	NOTE 1:  assumes 2dB post-PA loss for eRedCap HD-FDD filter-less front-end



[bookmark: _Ref146707716]Table 7: Band n71 MPR1 5MHz UL CBW emissions in DL B71,12, 13, 14, 28, 29, 85, 103.
	UL Band
	UL Fc
	UL BW
	SCS of UL Band
	UL RB Allocation
	DL Band
	DL Fc
	MBW
	MPR 1 level1
	Reqt
	Filter minimum rejection budget

	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	
	(MHz)
	(MHz)
	(dBm/MBW)
	(dBm/MBW)
	(dB)

	n71
	665.5
	5
	15
	25 (RBstart= 0)
	B71
	651.5
	1
	-33
	-50
	17

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B12
	729.5
	1
	-60.6
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B13
	746.5
	1
	-65.9
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B14
	758.5
	1
	-66.7
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B17
	734.5
	1
	-63.1
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B28
	758.5
	1
	-66.7
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B29
	717.5
	1
	-50.5
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B85
	728.5
	1
	-60
	-50
	n-a

	n71
	695.5
	5
	15
	25 (RBstart= 0)
	B103
	757.6
	1
	-66.7
	-50
	n-a

	NOTE 1:  assumes 2dB post-PA loss for eRedCap HD-FDD filter-less front-end



Observation 3: Using full MPR 1 allowance, preliminary measurements for filter-less HD-FDD eRedCap UEs operating in Band n13, Band n26, and Band n71 at the lowest UL CBW of 5MHz indicate that the list of DL frequency ranges that require post PA additional filter rejection may be significantly reduced:
· For Band n13: ~19dB for DL B14, ~16dB for DL B103,
· For Band n26: ~19dB for own DL Band, ~17dB for DL B18, 
· For Band n71: ~17dB for own DL Band.
· Note that these post PA filter rejections can be met with great margin using a FDD duplexer front-end.

Based on Observations 2 and 3, it would appear that the introduction of A-MPR (Option 2) is impractical since several new NS values would be required both for filter-less RedCap and eRedCap UEs. For example, for eRedCap UE two new NS values would be required for Band n13, two NS values for n26, and 1 NS value for n71 etc... This list is not exhaustive and would require further studies.

Proposal 2: 
De-prioritize the adoption of new A-MPR requirements dedicated to filter-less RedCap and eRedCap HD-FDD UEs (Option 2).

Proposal 3: For filter-less HD-FDD eRedCap UEs:
· We invite interested companies to further explore UL CBW/ UL RB allocation restrictions (Option 3). 
· Considering the filter rejection budget does not exceed 30dB, rely on filter rejection of an FDD RF-FE (Option 4).
3 Conclusion
In this contribution, we evaluated various options to enable a filter-less HD-FDD eRedCap UE to pass the UE coexistence requirements, by comparing PA measurement results collected in Band n13, Band, n26, and Band n71. Based on Observations 1, 2, and 3, we make the following proposals.
Observation 1: For filter-less eRedCap HD-FDD front-end architectures, four mitigation techniques may be considered as methods to pass UE coexistence Band protection requirements:
· Option 1: Introduce new ∆MPR requirements for each challenging operating Band.
· Option 2: Introduce new A-MPR/NS values per Band of operation per challenging DL protection range.
· Option 3: Introduce UL RB and/or UL CBW restrictions.
· Option 4: Consider change of RF-FE architecture to assume a post-PA filter rejection.

Observation 2: Using a full MPR 1 allowance, preliminary measurements for filter-less HD-FDD RedCap UE operating in Band n13, Band n26, and Band n71, at the highest UL CBW, indicate that some DL frequency ranges require the following minimum filter rejection:

· For Band n13: ~23 dB for DL B14, ~16 dB for DL B103, ~15 dB for its own DL frequency range.
· For Band n26: ~30 dB for own DL band and DL B18, ~19 dB for DL B5 and DL B19 and ~11 dB for DL B14.
· For Band n71: ~30 dB for own DL band, ~18 dB for DL B29, ~13 dB for DL B85/B12, and ~ 11 dB for DL B17.
· Note that these post-PA filter rejections can be met with a high margin using an FDD duplexer front-end.
· We are confident that similar challenges may be posed for operation in Bands n1, n2, n3, n5, n7, n8, n12, n18, n20, n25, n28, n65, and n85. 
· It is reasonable to conclude that operations in Band n24, Band n66, and Band n70 would not be problematic.

Observation 3: Using full MPR 1 allowance, preliminary measurements for filter-less HD-FDD eRedCap UEs operating in Band n13, Band n26, and Band n71 at the lowest UL CBW of 5MHz indicate that the list of DL frequency ranges that require post PA additional filter rejection may be significantly reduced:
· For Band n13: ~19dB for DL B14, ~16dB for DL B103,
· For Band n26: ~19dB for own DL Band, ~17dB for DL B18, 
· For Band n71: ~17dB for own DL Band.
· Note that these post PA filter rejections can be met with great margin using a FDD duplexer front-end.

Proposal 1: Rule out the introduction of new ∆MPR in challenging frequency Bands of operation (Option 1).

Proposal 2: 
De-prioritize the adoption of new A-MPR requirements dedicated to filter-less RedCap and eRedCap HD-FDD UEs (Option 2).

Proposal 3: For filter-less HD-FDD eRedCap UEs:
· We invite interested companies to further explore UL CBW/ UL RB allocation restrictions (Option 3). 
· Considering the filter rejection budget does not exceed 30dB, rely on filter rejection of an FDD RF-FE (Option 4).
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