3GPP TSG-RAN WG4 Meeting # 84
R4-1707702
Berlin, Germany, 21 - 24 August, 2017
Source: 
Skyworks Solutions, Inc., Nokia, Nokia Shanghai Bell
Title: 
Impact of ACLR Measurement BW and TRX Impairments on NR UE MPR
Agenda Item:
9.4.3.1.2
MPR evaluation
[NR_newRAT]
Document for:
Approval
1. Introduction
In RAN4#NR-AH2 meeting there was an effort to align contributing companies’ assumptions for MPR simulation and measurements to determine a way forward [1, 2, 3]. Both MPR criteria and waveform configuration were discussed, amongst the latter two specific issues were discussed in [4, 5, 6]: transceiver impairment assumptions and measurement bandwidth for ACLR. This contribution presents measurements to quantify the impact of those on achievable output power for different waveforms. It also verifies the impact of channel bandwidth and SCS and proposes a way forward for MPR table.
2. Discussion
2.1. Comparison of Measured MPR for Different ACLR Measurement Bandwidths and TRX Impairments
In Table 1, the maximum output power has been measured using only ACLR criteria for a number of cases and waveforms:
· A set of DFT-s-OFDM and CP-OFDM 20MHz waveforms agreed in [3]

· ACLR measurement bandwidth equal to transmit bandwidth or channel bandwidth

· TRX impairment using default LTE >1GHz TRX impairments or improved LTE UL256QAM impairments

The MPR is calculated for these different cases according to reference waveform in [3] and impact of ACLR measurement bandwidth and TRX impairments are evaluated

Table 1: Measured MPR versus ACLR measurement bandwidth and TRX impairment  
	TX impairments
	image [dBc]
	25
	34
	MPR increase meas BW=Channel BW [dB]
	MPR increase w worse TRX  [dB]

	
	carrier [dBc]
	25
	28
	
	

	ACLR measurement BW
	type
	TXBW
	CHBW
	TXBW
	CHBW
	
	

	
	[MHz]
	19.08
	20
	19.08
	20
	
	

	waveform type and modultion
	allocation
	MPR measurement
	
	

	
	type
	 
	Pout [dBm]
	MPR [dB]
	Pout [dBm]
	MPR [dB]
	Pout [dBm]
	MPR [dB]
	Pout [dBm]
	MPR [dB]
	
	

	DFT-s-OFDM QPSK
	full
	100RB3
	28.3
	0
	28.3
	0
	28.4
	-0.1
	28.4
	-0.1
	0
	0.1

	DFT-s-OFDM 16QAM
	
	100RB3
	28
	0.3
	27.9
	0.4
	28
	0.3
	27.9
	0.4
	0.1
	0

	CP-OFDM QPSK
	
	106RB0
	26
	2.3
	25.9
	2.4
	26.1
	2.2
	26
	2.3
	0.1
	0.1

	CP-OFDM 16QAM
	
	106RB0
	26
	2.3
	25.9
	2.4
	26
	2.3
	25.9
	2.4
	0.1
	0

	CP-OFDM 64QAM
	
	106RB0
	26
	2.3
	25.9
	2.4
	26.1
	2.2
	26
	2.3
	0.1
	0.1

	DFT-s-OFDM QPSK
	edge
	18RB0
	28.6
	-0.3
	28.3
	0
	28.8
	-0.5
	28.5
	-0.2
	0.3
	0.2

	DFT-s-OFDM 16QAM
	
	18RB0
	28.3
	0
	28.1
	0.2
	28.6
	-0.3
	28.2
	0.1
	0.2
	0.3

	CP-OFDM QPSK
	
	18RB0
	26.8
	1.5
	26.2
	2.1
	27
	1.3
	26.4
	1.9
	0.6
	0.2

	CP-OFDM 16QAM
	
	18RB0
	26.7
	1.6
	26
	2.3
	26.9
	1.4
	26.1
	2.2
	0.7
	0.2

	CP-OFDM 64QAM
	
	18RB0
	26.8
	1.5
	25.9
	2.4
	26.8
	1.5
	26.1
	2.2
	0.9
	0

	DFT-s-OFDM QPSK
	
	1RB0
	30.5
	-2.2
	30
	-1.7
	31.5
	-3.2
	31.3
	-3
	0.5
	1

	DFT-s-OFDM QPSK
	inside
	18RB18
	31.4
	-3.1
	31.1
	-2.8
	32
	-3.7
	31.8
	-3.5
	0.3
	0.6

	CP-OFDM QPSK
	
	18RB18
	30.7
	-2.4
	30.5
	-2.2
	31.6
	-3.3
	31.3
	-3
	0.2
	0.9

	CP-OFDM 16QAM
	
	18RB18
	30.6
	-2.3
	30.3
	-2
	31.6
	-3.3
	31.3
	-3
	0.3
	1

	CP-OFDM 64QAM
	
	18RB18
	30.6
	-2.3
	30.2
	-1.9
	31.5
	-3.2
	31.2
	-2.9
	0.4
	0.9


Observations 1: Assuming measurement repeatability is +/-0.1dB,
· Full allocation: Measurement bandwidth choice as little impact for full allocations which was the reason to propose measurement BW = Channel BW. TRX impairments have no impact as can be anticipated (only EVM).
· Edge partial allocation: As described in [6] it is confirmed that using measurement BW = channel BW degrades MPR for small allocations, impact is significantly lower though and may be due to different assumptions in terms of channel filtering.
· Inside channel partial allocation: Some impact of measurement bandwidth is also seen for partial allocations inside the channel but for this case TRX impairment have even larger impact.
2.2. Comparison of Measured MPR for Different ACLR Measurement BW, Channel BW and SCS
In Table 2, multiple 20MHz and 100MHz waveforms from [3] using different channel bandwidths and sub-carrier spacing, using measurement BW = TX BW or CH BW are evaluated.
Table 2: MPR vs measurement BW, Channel BW and SCS

	ACLR measurement BW
	TXBW
	CHBW
	Meas BW impact [dB]
	CH BW impact [dB]
	SCS impact [dB]

	waveform type and modultion
	Channel BW, SCS and allocation
	MPR measurement
	
	
	

	
	
	Pout [dBm]
	MPR [dB]
	Pout [dBm]
	MPR [dB]
	
	
	

	DFT-s-OFDM QPSK
	20MHz 15kHz 100RB3
	28.3
	0
	28.3
	0
	0
	na
	na

	DFT-s-OFDM 16QAM
	20MHz 15kHz 100RB3
	28
	0.3
	27.9
	0.4
	0.1
	na
	na

	CP-OFDM QPSK
	20MHz 15kHz 106RB0
	26
	2.3
	25.9
	2.4
	0.1
	na
	na

	CP-OFDM 16QAM
	20MHz 15kHz 106RB0
	26
	2.3
	25.9
	2.4
	0.1
	na
	na

	CP-OFDM 64QAM
	20MHz 15kHz 106RB0
	26
	2.3
	25.9
	2.4
	0.1
	na
	na

	DFT-s-OFDM QPSK
	100MHz 30kHz 270RB1
	28.4
	-0.1
	28.4
	-0.1
	0
	-0.1
	na

	DFT-s-OFDM 16QAM
	100MHz 30kHz 270RB1
	27.9
	0.4
	27.9
	0.4
	0
	0.1
	na

	CP-OFDM QPSK
	100MHz 30kHz 273RB0
	26.2
	2.1
	26.2
	2.1
	0
	-0.2
	na

	CP-OFDM 16QAM
	100MHz 30kHz 273RB0
	26.2
	2.1
	26.2
	2.1
	0
	-0.2
	na

	CP-OFDM 64QAM
	100MHz 30kHz 273RB0
	26.2
	2.1
	26.2
	2.1
	0
	-0.2
	na

	DFT-s-OFDM QPSK
	100MHz 60kHz 135RB0
	28.5
	-0.2
	28.5
	-0.2
	0
	-0.2
	-0.1

	DFT-s-OFDM 16QAM
	100MHz 60kHz 135RB0
	27.9
	0.4
	27.9
	0.4
	0
	0.1
	0


Observations 2: Assuming measurement repeatability is +/-0.1dB,
· It is confirmed that measurement BW has no impact on MPR for full allocation, but partial allocation, especially at channel edge were not tested.
· Channel BW impact is within measurement accuracy and repeatability.
· SCS impact is within measurement accuracy and repeatability.
2.3. ACLR Measurement BW, TRX impairments and MPR table

2.3.1 TRX impairments

Given the above results, we revise our view on measurement bandwidth for ACLR but also confirm our view that improved TRX impairments are beneficial not only for MPR, but also for EVM and in-band emissions especially accounting for the case that mixed numerology is assigned to two UE within the same channel. We thus make the following proposals.
Proposal 1: Improved TRX impairments for NR range 1 should be studied further to find an optimum between current default LTE values and LTE UL256QAM values. This will benefit not only MPR but also EVM and IBE for mixed numerologies.
2.3.2 ACLR

Using transmit bandwidth instead of channel bandwidth minimizes MPR for small allocations at the channel edge.

Nevertheless, the issue remains whereby multiple transmit bandwidths could be valid for both the wanted and the adjacent channels. It has already been agreed that adjacent channel bandwidth is the same as the UL channel. Similarly, we propose to use a single measurement bandwidth for ACLR measurements applying to both wanted and adjacent channel: the maximum transmit BW out of the different SCS. Furthermore, due to sub-carrier alignment the allocation may not be exactly centered, thus we propose that the TX BW is made symmetrical by adding the extra sub-carrier bandwidth needed see Figure 1.
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Figure 1: Addition of one SC to make MBW symmetrical

In Table 3 we present the calculations for ACLR MBW for various channel bandwidths after addition of one SC. It turns out that widest BW is always with lowest allowed SCS, highlighted in yellow in Table 3.

Table 3: ACLR and wanted signal MBW

	Sub-6GHz
	SCS [kHz]
	5MHz
	10MHz
	15MHz
	20MHz
	25MHz
	40MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	SU_CP-OFDM full allocation 
[max#RB]
	15
	25
	52
	79
	106
	135
	216
	270
	N.A
	N.A
	N.A

	
	30
	11
	24
	38
	52
	65
	106
	133
	162
	217
	273

	
	60
	N.A
	12
	18
	24
	32
	52
	65
	79
	107
	135

	TXBW
[MHz]
	15
	4.5
	9.36
	14.22
	19.08
	24.3
	38.88
	48.6
	N.A
	N.A
	N.A

	
	30
	3.96
	8.64
	13.68
	18.72
	23.4
	38.16
	47.88
	58.32
	78.12
	98.28

	
	60
	N.A
	8.64
	12.96
	17.28
	23.04
	37.44
	46.8
	56.88
	77.04
	97.2

	TXBWsym
[MHz]
	15
	4.515
	9.375
	14.235
	19.095
	24.315
	38.895
	48.615
	N.A
	N.A
	N.A

	
	30
	3.99
	8.67
	13.71
	18.75
	23.43
	38.19
	47.91
	58.35
	78.15
	98.31

	
	60
	N.A
	8.7
	13.02
	17.34
	23.1
	37.5
	46.86
	56.94
	77.1
	97.26

	maxTXBW [MHz]
	lowest
	4.515
	9.375
	14.235
	19.095
	24.315
	38.895
	48.615
	58.35
	78.15
	98.31


Proposal 2:

· A single transmit BW is used for ACLR measurement bandwidth (channel centered) equal to the maximum transmit bandwidth across different SCS for a given channel bandwidth, with addition of an extra sub-carrier BW to account for the small offset due to the sub-carrier alignment with channel center. 
· This transmit bandwidth applies to both wanted and adjacent channel measurement bandwidth.
2.3.3 MPR table format for contiguous allocations
As shown in above measurements, the main contribution to MPR is the waveform type and allocation, channel bandwidth and SCS have negligible influence. Furthermore, the proposed NR ACLR supersedes the legacy LTE ACLR thus no MPR or additional MPR is needed. It was also agreed that UTRA ACLR would be treated as AMPR only for the relevant bands. It is thus proposed to simplify MPR table for contiguous allocations in the following way:

Table 3: proposed MPR table format for contiguous allocations 
	Waveform
	Modulation
	MPR [dB] for all channel bandwidths and SCS

	
	
	Full allocation
	Edge small partial allocation
	In channel partial allocation

	DFT-s-OFDM
	Pi/2 BPSK*
	TBD**
	TBD**
	TBD**

	DFT-s-OFDM
	QPSK
	TBD
	TBD**
	TBD**

	DFT-s-OFDM
	16QAM
	TBD
	TBD**
	TBD**

	CP-OFDM
	QPSK
	TBD
	TBD
	TBD

	CP-OFDM
	16QAM
	TBD
	TBD
	TBD

	CP-OFDM
	64QAM
	TBD
	TBD
	TBD

	CP-OFDM
	256QAM
	TBD
	TBD
	TBD


Notes: 

* Pi/2 BPSK may only be valid for NR range 2 and NR range 1 HPUE with <25% duty cycle.
** Depending on 0dB MPR waveform choice these cases may result in negative MPR: consequently these cases can be listed in an optional power boost table valid for NR range 2 and/or HPUE NR range 1 depending on duty cycle.

Proposal 3 on MPR cases:

· MPR values are independent of Channel BW and SCS and only vary along two axes: waveform type and modulation on one side and allocation types on the other side as in Table 3.
· Definition of edge and in band allocation in terms of number of RB and/or RB start is FFS.
· The TBD in the table means that a requirement will be developed in form of a number or an equation.

· In case of possible negative MPR cases, these will be FFS for optional power boost for NR range 2 and/or HPUE NR range 1.
3. Conclusion
This contribution used measurements to determine the impact on MPR of ACLR measurement BW definition, TRX impairments, waveform types and modulation, RB allocation, channel BW and SCS. Based on these measurements, the following proposals are made for ACLR measurement BW, TRX impairment, and MPR table.
Proposal 1: Improved TRX impairments for NR range 1 should be studied further to find an optimum between current default LTE values and LTE UL256QAM values. This will benefit not only MPR but also EVM and IBE for mixed numerologies.
Proposal 2:

· A single transmit BW is used for ACLR measurement bandwidth (channel centered) equal to the maximum transmit bandwidth across different SCS for a given channel bandwidth, with addition of an extra sub-carrier BW to account for the small offset due to the sub-carrier alignment with channel center. 
· This transmit bandwidth applies to both wanted and adjacent channel measurement bandwidth.
Proposal 3 on MPR cases:

· MPR values are independent of Channel BW and SCS and only vary along two axes: waveform type and modulation on one side and allocation types on the other side as in Table 3.

· Definition of edge and in band allocation in terms of number of RB and/or RB start is FFS.

· The TBD in the table means that a requirement will be developed in form of a number or an equation.

· In case of possible negative MPR cases, these will be FFS for optional power boost for NR range 2 and/or HPUE NR range 1.
· Table 3: proposed MPR table format for contiguous allocations 

	Waveform
	Modulation
	MPR [dB] for all channel bandwidths and SCS

	
	
	Full allocation
	Edge small partial allocation
	In channel partial allocation

	DFT-s-OFDM
	Pi/2 BPSK*
	TBD**
	TBD**
	TBD**

	DFT-s-OFDM
	QPSK
	TBD
	TBD**
	TBD**

	DFT-s-OFDM
	16QAM
	TBD
	TBD**
	TBD**

	CP-OFDM
	QPSK
	TBD
	TBD
	TBD

	CP-OFDM
	16QAM
	TBD
	TBD
	TBD

	CP-OFDM
	64QAM
	TBD
	TBD
	TBD

	CP-OFDM
	256QAM
	TBD
	TBD
	TBD


· Notes: 

· * Pi/2 BPSK may only be valid for NR range 2 and NR range 1 HPUE with <25% duty cycle.

· ** Depending on 0dB MPR waveform choice these cases may result in negative MPR: consequently these cases can be listed in an optional power boost table valid for NR range 2 and/or HPUE NR range 1 depending on duty cycle.
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