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1 n41 A-MPR

Proposal: A-MPR = max (MPR, AMPR’)
Note that AMPR’ = 0dB means only MPR is applied
Given the parameters defined in Table 1 and symbol definitions in Table 2,

if RBstart ≤ fstart,max,IMD3 / (12SCS)
and LCRB ≤ AWmax,IMD3 / (12SCS)
and FC - BWChannel/2 < FUL_low + offsetIMD3,
then
	the AMPR’ is defined according to Table 3,
else, if RBstart ≤ LCRB/2 + start / (12SCS)
and LCRB ≤  AWmax,regrowth / (12SCS)
and FC - BWChannel/2 < FUL_low + offsetregrowth,
then
	the AMPR’ is defined according to Table 3,
else,
	only AMPR’ = 0dB and apply MPR.
[bookmark: _Ref509480096][bookmark: _Hlk513846344][bookmark: _Hlk514532408]Table 2. Parameters for region edges and frequency offsets [1] with some exceptions
	Parameter
	Symbol
	Value
	Related condition

	
	
	OFDM
	DFT-S-OFDM
	

	Max allocation start in IMD3 region
	fstart,max,IMD3
	0.33 BWChannel
	RBstart ≤ fstart,max,IMD3 / (12SCS)

	Max allocation BW in IMD3 region
	AWmax,IMD3
	8 MHz
	LCRB ≤ AWmax,IMD3 / (12SCS)

	Max freq. offset for IMD3 region
	offsetmax,IMD3
	[BWChannel – 6 MHz]
	 

	Freq. offset required to avoid A-MPR in IMD3 region
	offsetIMD3
	offsetmax,IMD3 
	FC - BWChannel/2 ≥ FUL_low + offsetIMD3

	Right edge of regrowth region
	start
	[0.08 BWChannel]
	RBstart ≤ LCRB/2 + start / (12SCS)

	Max allocation BW in regrowth region
	AWmax,regrowth
	100 MHz
	LCRB ≤ AWmax,regrowth / (12SCS)

	Freq. offset required to avoid A-MPR in regrowth region
	offsetregrowth
	Max (10MHz, 0.25* BWChannel MHz]
	Max (10MHz, 0.45* BWChannel MHz] 
	 FC - BWChannel/2 ≥ FUL_low + offsetregrowth


[bookmark: _Ref509450514]
Table 2. Symbols adopted from 38.101 and 36.101
	Symbol
	Definition

	BWChannel
	Channel bandwidth

	FC
	Centre frequency of channel

	FUL_low
	The lower edge frequency of the uplink operating band

	SCS
	Subcarrier spacing

	RBstart
	Index of lowest allocated resource block; RBstart=0 is the lowest RB in the channel.

	LCRB
	Number of contiguously allocated resource blocks



[bookmark: _Ref509451280]Table 3. A-MPR’ values
	Access
	Modulation
	A-MPR' [dB] 

	DFT-S-OFDM
	pi/2-BPSK
	3.5

	
	QPSK
	4

	
	16-QAM
	4

	
	64-QAM
	4

	
	256-QAM
	4.5

	CP-OFDM
	QPSK
	5.5

	
	16-QAM
	5.5

	
	64-QAM
	5.5

	
	256-QAM
	6.5





Table 4. Example Frequency Offset Values in Table Format
	BW, MHz
	10
	15
	20
	
	40
	50
	60
	80
	100

	offsetIMD3, MHz
	[4.5]
	[9.5]
	[14.5]
	
	[34.5]
	[44.5]
	[54.5]
	[74.5]
	[94.5]

	CP-OFDM offsetregrowth, MHz
	[10]
	[10]
	[10]
	
	[10]
	[12.5]
	[15]
	[20]
	[25]

	DFT-s--OFDM offsetregrowth, MHz
	[10]
	[10]
	[10]
	
	[18]
	[22.5]
	[27]
	[36]
	[45]



Discussion:
Chair: Can we agree that n41 A-MPR is defined as presented in this agenda?
No objection, A- MPR scheme is agreed.

2 A-MPR for DC_(n)71B
Following contributions have been submitted to this meeting.
· R4-1806809	A-MPR for DC_(n)71B	Intel Corporation
· R4-1806979	A-MPR for DC_(n)71B	Nokia
· R4-1806668	Required A-MPR analysis for EN-DC_(n)71B UE	LG Electronics France
· R4-1808058	[NR] Band 71 Intra-Band EN-DC and B12 and B29 Protection	Skyworks Solutions Inc.
· R4-1808059	[NR] Band 71 Intra-Band EN-DC PA Back-Off Required for ACLR and SEM	Skyworks Solutions Inc.
Discussion: This agenda item was skipped

3 A-MPR for DC_(n)41AA
· R4-1807830	A-MPR Allowance for Band 41/n41 EN-DC R-IMD	Sprint Corporation
· R4-1807831	Effect of Channel Arrangements on RIM3 Products and A-MPR	Sprint Corporation
· R4-1807832	Combined A-MPR for RIM3 and Spectral Regrowth	Sprint Corporation
· R4-1807833	Measurements for Band 41/n41 EN-DC A-MPR	Sprint Corporation
· R4-1807834	Draft CR for 38.101-3 DC_(n)41AA A-MPR	Sprint Corporation
· R4-1808061	[NR] Band 41 contiguous UL Intra-Band EN-DC required backoff	Skyworks Solutions Inc.


Discussion:
Skyworks: measurements were done equal power + equal BO. We have used equal PSD in our measurements.
Qualcomm: did you also looked inband emissions and EVM?
Sprint: Additional Spur, ACLR and SEM were studied.
Next Revision of R4-1807830 was presented and discussed.
Skyworks: Single carrier A-MPR uses scs so should we aling
Sprint: From our perspective harmonization is not necessary
R4-1807831 and R4-1807832 and R4-1807834 was discussed.
Qualcomm: This does not take into account EVM or in band emissions.
Skyworks: There are square brackets or shall we keep those so that we can veryfy, especially the non-contiguous.
Sprint: We are not sure if brackets are allowed or not but if brackets are allowed some of the values could be in brackets.
4 A-MPR for DC_41A_n41A
· R4-1807835	Draft CR for 38.101-3 DC_41A_n41A A-MPR	Sprint Corporation

Discussion: 
Skyworks: Do we have same understanding for A,B,C and D for all channel arrengenemts.
Sprint: Formulas are general but measurement data is based on 20+60
Qualcomm: Based on experience channel bandwidth can affect. WE are not saying that we need to measure all possible combinations
Sprint is open to other companies how to enhance this proposal
Ericsson: In general the worst case BO as for ET designs. Should not you fallback to ATP in such case?
Skyworks: it is not APT it is fully linear PA
Ericsson: A-MPR is a minimum requirements and UE vendors can do better. This is a complicated issue.
Apple: For the time beeing we do not know what are the most critical cases thus we need to be conservative. WE can use A-MPR versioning in REL-16
Sprint: WE have heard that often UE vendors take the easy route and use all A-MPR. In this case we can have conservative numbers now and have A-MPR versioning later.
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1. Introduction


In RAN4#86bis, a set of assumptions for an EN-DC A-MPR definition were agreed. In this submission, measurement results are presented using the agreed configuration.  These results are intended to directly contribute to the definition of A-MPR for Band 41/n41 EN-DC.

2. Discussion


Approach


For B41/n41 intra-band EN-DC, the complete set of all possible channel positions and bandwidths, and allocation starts and lengths, is extremely large.  Simulation models for reverse IMD between two separate transmit chains with leakage or antenna coupling between them have not yet been developed.  This makes it necessary to perform physical measurements using lab equipment in order to develop A-MPR specification for these configurations.  Of necessity, some assumptions on the general behaviour of emissions for intra-band EN-DC are required to create a reasonably sized test set.

Some of these assumption are:


· As a first order approximation, the power spectral density (PSD) of IM3 products is a largely a function of the PSDs of the transmissions contributing to it. 
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· The PSD of the contributing transmission is a function of allocation size.  PSD = Power / Bandwidth.


· Other than the filter response, within the frequency range of interest (Band 41) the absolute and relative frequencies of the contributing transmissions does not significantly affect the power or PSD of the IM3 products.

With these assumptions, the key relationships that must be determined are between allocation sizes, IMD PSD, and power backoff.  This test set attempts to illuminate those relationships

Assumptions and Channel/Allocation Arrangements

· 20MHz LTE + 60MHz NR (30kHz SCS) Contiguous Channels

· LTE Center Freq: 2638.8 MHz

· NR Center Freq: 2598.8 MHz

· Allocation Arrangements


· 1RB+1RB (max separation)

· 1RB+1RB (LTE RB49, NR RB81)

· 100RB+162RB

· 1RB (LTE) + 3RB (NR) (max separation) 

· 50RB+25RB (max separation)

· 20MHz LTE + 60MHz NR (30kHz SCS) Non-Contiguous Channels 

· Special case to assess effect of separation and filter

· LTE Center Freq: 2526.6 MHz

· NR Center Freq: 2660 MHz

· 1RB+1RB case (max separation)


· 2PA Architecture

· 4 dB post-PA insertion loss on each Tx chain

· 10 dB antenna isolation

· A-MPR for EN-DC based on PC2 

· Back-off values are specified per RAT, relative to 26 dBm

· e.g. 6 dBm A-MPR applied equally means 26-6=20 dBm on LTE,  26-6=20 dBm on NR

· A-MPR Application: equal backoff to LTE and NR  (NOT equal PSD)

· DFT-S-OFDM waveform only

· B41 filter included in all results


· A-MPR Requirement determined for 

· -13 dBm/1MHz (and ACLR) – All tests

· -25 dBm/1MHz (and ACLR) – special case

Test Setup


The DUT is an integrated RF Front end module from Qorvo, QM78062, which contains mid-band & high band filters, many of which are in a multiplexer configuration. It was not specifically designed for NR, but rather LTE and more specifically 60MHz LTE in B41, under both PC2 and PC3 power class conditions and in either ET or APT modes of operation.


· Pmax 23dBm at each Phone antenna connector, 24dBm at each module output


· 1dB PAD to add to 3dB Post-PA loss inside the PA module, resulting in total of targeted ~4dB loss

· MPR1 23dBm + 23dBm at antenna connectors 

· Equal backoff test cases step down by 1dB of each module output till all SEM and Spurious Emission meet spec with 3dB margin 
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Test Cases


Test 1 - Contiguous Channels, 1RB-1RB, max separation 
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Test 2 - Contiguous Channels, 1RB-1RB at channel centers
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Test 3 - Contiguous Channels, NR 25RB + LTE 50RB
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Test 4 – Non-Contiguous Channels, 1RB-1RB max separation
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Test 5 –Contiguous Channels, Full Allocation
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Test Results

Results from these tests are compiled below.

ACLR

· ACLR at Pmax: -36dBc (NR 60MHz, LTE 20MHz)


· ACLR verified to be -36dBc or better at backed off power levels, but not optimized at each Pout, as it is believed there is little impact on results from ACLR optimization

Spectral Emission Limit of -13 dBm/1MHz


		

		A-MPR Evaluation Summary

		

		Antenna Connector Power

		

		



		Test #

		 

		ET*(NR)-APT(LTE)

		APT(NR)-APT(LTE)

		Units



		1

		1RB+1RB (max separation)

		20

		20

		23

		23

		dBm



		2

		1RB+1RB (NR RB81, LTE RB49)

		18

		18

		23

		23

		dBm



		3

		NR25RB+LTE50RB (max separation)

		23

		23

		23

		23

		dBm



		4

		1RB+1RB non-contig (max separation)

		20

		20

		23

		23

		dBm



		5

		162RB+100RB

		23

		23

		23

		23

		dBm



		6

		3RB (NR)+1RB (LTE) (max separation) 

		20

		20

		23

		24

		dBm



		7

		1RB+100RB (max separation)

		23

		23

		 

		 

		dBm



		8

		162RB+1RB (max separation)

		22

		22

		 

		 

		dBm



		9

		26RB+100RB (max separation)

		23

		23

		 

		 

		dBm



		10

		162RB+50RB (max separation)

		22

		22

		 

		 

		dBm



		11

		1RB+50RB (max separation)

		23

		23

		 

		 

		dBm



		12

		25RB+1RB (max separation) 

		23

		23

		

		

		dBm



		

		

		

		

		

		

		



		

		

		*ET Applied to the NR transmitter

		

		





		

		A-MPR Evaluation Summary

		A-MPR (relative to PC2 limit of +26dBm)

		



		Test #

		 

		ET*(NR)-APT(LTE)

		APT(NR)-APT(LTE)

		Units



		1

		1RB+1RB (max separation)

		6

		6

		3

		3

		dBm



		2

		1RB+1RB (NR RB81, LTE RB49)

		8

		8

		3

		3

		dBm



		3

		NR25RB+LTE50RB (max separation)

		3

		3

		3

		3

		dBm



		4

		1RB+1RB non-contig (max separation)

		6

		6

		3

		3

		dBm



		5

		162RB+100RB

		3

		3

		3

		3

		dBm



		6

		3RB (NR)+1RB (LTE) (max separation) 

		6

		6

		4

		3

		dBm



		7

		1RB+100RB (max separation)

		3

		3

		 

		 

		dBm



		8

		162RB+1RB (max separation)

		4

		4

		 

		 

		dBm



		9

		26RB+100RB (max separation)

		3

		3

		 

		 

		dBm



		10

		162RB+50RB (max separation)

		4

		4

		 

		 

		dBm



		11

		1RB+50RB (max separation)

		3

		3

		 

		 

		dBm



		12

		25RB+1RB (max separation) 

		3

		3

		

		

		dBm



		

		

		

		

		

		

		



		

		

		*ET Applied to the NR transmitter

		

		





		

		A-MPR Evaluation Summary

		A-MPR (relative to PC3 limit of 23dBm)

		



		Test #

		 

		ET*(NR)-APT(LTE)

		APT(NR)-APT(LTE)

		Units



		1

		1RB+1RB (max separation)

		3

		3

		0

		0

		dBm



		2

		1RB+1RB (NR RB81, LTE RB49)

		5

		5

		0

		0

		dBm



		3

		NR25RB+LTE50RB (max separation)

		0

		0

		0

		0

		dBm



		4

		1RB+1RB non-contig (max separation)

		3

		3

		0

		0

		dBm



		5

		162RB+100RB

		0

		0

		0

		0

		dBm



		6

		3RB (NR)+1RB (LTE) (max separation) 

		3

		3

		1

		0

		dBm



		7

		1RB+100RB (max separation)

		0

		0

		 

		 

		dBm



		8

		162RB+1RB (max separation)

		1

		1

		 

		 

		dBm



		9

		26RB+100RB (max separation)

		0

		0

		 

		 

		dBm



		10

		162RB+50RB (max separation)

		1

		1

		 

		 

		dBm



		11

		1RB+50RB (max separation)

		0

		0

		 

		 

		dBm



		12

		25RB+1RB (max separation) 

		0

		0

		

		

		dBm



		

		

		

		

		

		

		



		

		

		*ET Applied to the NR transmitter

		

		





Spectral Emission Limit of -25 dBm/1MHz


		

		A-MPR Evaluation Summary

		Tx Power



		Test #

		 

		ET*(NR)-APT(LTE)

		Units



		1

		1RB+1RB (max separation)

		10

		10

		dBm



		2

		1RB+1RB (NR RB81, LTE RB49)

		9

		9

		dBm



		3

		NR25RB+LTE50RB (max separation)

		14

		14

		dBm



		5

		162RB+100RB

		13

		13

		dBm



		6

		3RB (NR)+1RB (LTE) (max separation) 

		14

		14

		dBm



		7

		1RB+100RB (max separation)

		14

		14

		dBm



		8

		162RB+1RB (max separation)

		13

		13

		dBm



		9

		26RB+100RB (max separation)

		14

		14

		dBm



		10

		162RB+50RB (max separation)

		13

		13

		dBm



		11

		1RB+50RB (max separation)

		12

		12

		dBm



		12

		25RB+1RB (max separation) 

		13

		13

		dBm



		

		

		

		

		



		

		

		





		

		A-MPR Evaluation Summary

		AMPR (relative to -26 dBm)



		Test #

		 

		ET*(NR)-APT(LTE)

		Units



		1

		1RB+1RB (max separation)

		13

		13

		dBm



		2

		1RB+1RB (NR RB81, LTE RB49)

		14

		14

		dBm



		3

		NR25RB+LTE50RB (max separation)

		9

		9

		dBm



		5

		162RB+100RB

		10

		10

		dBm



		6

		3RB (NR)+1RB (LTE) (max separation) 

		9

		9

		dBm



		7

		1RB+100RB (max separation)

		9

		9

		dBm



		8

		162RB+1RB (max separation)

		10

		10

		dBm



		9

		26RB+100RB (max separation)

		9

		9

		dBm



		10

		162RB+50RB (max separation)

		10

		10

		dBm



		11

		1RB+50RB (max separation)

		11

		11

		dBm



		12

		25RB+1RB (max separation) 

		10

		10

		dBm



		

		

		

		

		



		

		

		





Plotted Data

Measurement data from cases using ET for the NR transmission are plotted below.

 SHAPE  \* MERGEFORMAT 




Observations:


· 1RB+1RB allocations with IM3s in B41 passband require 8 dB of A-MPR (relative to 26 dBm) to meet -13 dBm/1MHz mask with NR using ET (Tests 1 & 2)

· 3RB (NR) + 1RB (LTE) reduced IM3 power by 1dB, but due to measurement quantization, still required same A-MPR as 1RB+1RB to meet -13 dBm/1MHz with NR using ET in these tests. (Tests 1 & 6)

· 1RB+1RB allocation with IM3 in B41 passband require 14 dB of A-MPR (relative to 26 dBm) to meet -25 dBm/1MHz limit with NR using ET (Tests 1 & 2)


· IM3s from 25RB (NR) + 50 RB (LTE) requires 5-6 dB less A-MPR to meet a given emission level, compared to 1RB+1RB IM3s.

· With both NR and LTE using APT, no A-MPR was required in any of the tests.

· A-MPR required for OFDM is very close to (slight less than) A-MPR for DFT waveforms.


3. Proposal

Proposal:  These measurement results be considered in the definition of AMPR for B41/n41 AMPR allowances.
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