TSG-RAN Working Group 4 (Radio) 85	R4-1712265
Reno, USA, 27 Nov - 1 Dec, 2017

Source:	Samsung
Title:	Discussion on NR FR2 MPR
Agenda item:	9.4.3.3.2
Document for:	Discussion


1. Background
In this paper, we share initial MPR results for FR2 28GHz. 


2. Discussion on assumption
Simulation results are based measured mmW multi-PA data. The measured PA is on 28GHz.

For PN, we applied the model in [1]. The integrated PN is about -24dBc for two sides. Our companion paper [2] shows that with common phase error (CPE) correction using PTRS, contribution to EVM can be improved to around -26dBc.

For non-64QAM, both IQ mismatch and LO leakage are assumed to be 25dBc, which is consistent with sub6 MPR simulation. For 64QAM simulation, IQ mismatch and LO leakage budget are modified for the following reasons. Our EVM measurement is based on architecture in [2]. Tx LO is tried to be removed before FFT in RF compensation block. However, LO leakage cannot be completely removed and degrades EVM performance for small RB allocation that covers LO. Combining impairments from residue LO, IQ mismatch, and PN, total contribution to EVM can be more than 22dB, which violates our assumed EVM target. Therefore, for 64QAM simulation, both IQ mismatch and LO leakage are assumed to be 28dBc.

Observation 1: IQ mismatch and LO leakage budget need to be tightened for 64QAM in FR2, considering potential large PN contribution.

Only for 64QAM simulation, we assume PTRS is inserted, and EVM performs CPE correction using PTRS based on the architecture in [2]. A total of 8 PTRS reference signals are inserted. For OFDM, these PTRS reference signals are assigned one per RB, and allocated to edge RBs. For DFT-s-OFDM, PTRS is pre-DFT inserted and distributed evenly in four chunks. For small-RB simulation, the total number of PTRS is reduced according to aforementioned density, and we keep the same density between OFDM and DFT-s-OFDM.

Our EVM target is shown in Table 1. IBE is based on WF [3].
Table 1. EVM target for mmW MPR
	Parameter
	Unit
	Average EVM Level
	EVM in dB

	Pi/2 BPSK
	%
	25
	12.0

	QPSK
	%
	17.5
	15.1

	16QAM 
	%
	12.5
	18.1

	64QAM 
	%
	8
	21.9



MPR is checked on antenna array boresight. When beam-steering is allowed, it is expected that effective operating point of multi-PA is shifted due to RF impairments like gain and phase imbalance from multiple phase shifters as well as multi-PA leakage and antenna array coupling. Thus, it is not clear whether MPR applies only to array boresight or whole spherical coverage. 

Observation 2: Whether FR2 MPR applies only to array boresight or to include spherical coverage needs to be clarified. 

It is not clear what MPR reference is for FR2. We assumed highest possible output among all RB allocations, SCS, and CHBW to avoid a negative MPR. As a result, our initial MPR result numbers are expected to be higher.

Observation 3: MPR reference for FR2 needs to be clarified.

3. Comparison on -BPSK methods with pulse shaping
We compare BPSK performance having no pulse shaping with two types of pulse shaping: time-domain spectrum shaping (TDSS), H(z)= 0.28 + z-1 + 0.28 * z-2 [4], and frequency-domain spectrum shaping (FDSS) using truncation factor 50% and rolloff factor 0.25[5]. 
 
We apply transparent pulse shaping. DMRS is shaped with the same pulse shaping function as PUSCH portion. For TDSS, the DFT of time-domain filter is applied to DMRS. With transparent pulse shaping, shaping effect has been absorbed into channel estimation. Thus, receiver does not need to know exact implementation of pulse shaping at Tx. Table 2 shows MPR results for pi/2 BPSK.

Observation 4: With transparent pulse shaping, TDSS pulse shaping shows 0.5dB better MPR compared to FDSS pulse shaping for pi/2 BPSK.

Table 2. pi/2 BPSK MPR comparison
	Waveform
	Mod
	SCS[KHz]
	BW[MHz]
	Worst Allocation [RBStart, LCRB]
	Limiting case
	MPR [dB]
	MPR summary [dB]

	DFT-s-OFDM
	pi/2-BPSK
	60
	50
	[9,50]
	IBE
	1.4
	2.5

	DFT-s-OFDM
	pi/2-BPSK
	120
	50
	[5,24]
	IBE
	1.3
	

	DFT-s-OFDM
	pi/2-BPSK
	60
	100
	[17,108]
	IBE
	1.5
	

	DFT-s-OFDM
	pi/2-BPSK
	120
	100
	[9,48]
	IBE
	1.4
	

	DFT-s-OFDM
	pi/2-BPSK
	60
	200
	[33,200]
	IBE
	2.2
	

	DFT-s-OFDM
	pi/2-BPSK
	120
	200
	[17,100]
	IBE
	1.6
	

	DFT-s-OFDM
	pi/2-BPSK
	120
	400
	[33,200]
	IBE
	2.5
	

	DFT-s-OFDM
	pi/2-BPSK TDSS
	60
	50
	[33,2]
	ACLR
	1
	1.0

	DFT-s-OFDM
	pi/2-BPSK TDSS
	120
	50
	[9,20]
	ACLR
	0.7
	

	DFT-s-OFDM
	pi/2-BPSK TDSS
	60
	100
	[65,4]
	ACLR
	0.6
	

	DFT-s-OFDM
	pi/2-BPSK TDSS
	120
	100
	[33,2]
	ACLR
	0.9
	

	DFT-s-OFDM
	pi/2-BPSK TDSS
	60
	200
	[129,12]
	ACLR
	0.7
	

	DFT-s-OFDM
	pi/2-BPSK TDSS
	120
	200
	[49,25]
	ACLR
	0.7
	

	DFT-s-OFDM
	pi/2-BPSK TDSS
	120
	400
	[129,6]
	ACLR
	0.6
	

	DFT-s-OFDM
	pi/2-BPSK FDSS
	60
	50
	[1,25]
	SEM & Spur
	1
	1.5

	DFT-s-OFDM
	pi/2-BPSK FDSS
	120
	50
	[21,12]
	SEM & Spur
	1
	

	DFT-s-OFDM
	pi/2-BPSK FDSS
	60
	100
	[17,100]
	IBE
	1
	

	DFT-s-OFDM
	pi/2-BPSK FDSS
	120
	100
	[9,48]
	IBE
	1
	

	DFT-s-OFDM
	pi/2-BPSK FDSS
	60
	200
	[33,200]
	IBE
	1.3
	

	DFT-s-OFDM
	pi/2-BPSK FDSS
	120
	200
	[17,100]
	IBE
	0.9
	

	DFT-s-OFDM
	pi/2-BPSK FDSS
	120
	400
	[33,200]
	IBE
	1.4
	




4. MPR results for non-BPSK
MPR results for non-BPSK are presented in Table 3. We could see for higher modulation like 16QAM and 64QAM, limiting cases are for small RB allocation covering LO. Residue LO degrades EVM results and limits MPR. 

Observation 5: Small RB allocation covering LO position is limiting MPR results for 16QAM and 64QAM. Clarification on how LO is treated in EVM measurement is needed. 

Table 3. Non-BPSK FR2 MPR results
	Waveform
	Mod
	SCS[KHz]
	BW[MHz]
	Worst Allocation [RBStart, LCRB]
	Limiting case
	MPR [dB]
	MPR summary [dB]

	OFDM
	QPSK
	60
	50
	[9,56]
	IBE
	5.8
	6.5

	OFDM
	QPSK
	120
	50
	[17,1]
	IBE
	5.8
	

	OFDM
	QPSK
	60
	100
	[1,128]
	IBE
	5.9
	

	OFDM
	QPSK
	120
	100
	[25,24]
	IBE
	5.7
	

	OFDM
	QPSK
	60
	200
	[33,224]
	IBE
	6
	

	OFDM
	QPSK
	120
	200
	[33,84]
	IBE
	6.1
	

	OFDM
	QPSK
	120
	400
	[33,208]
	IBE
	6.2
	

	OFDM
	16QAM
	60
	50
	[33,4]
	EVM
	7.1
	7.5

	OFDM
	16QAM
	120
	50
	[17,1]
	EVM
	7.4
	

	OFDM
	16QAM
	60
	100
	[17,96]
	EVM
	7.1
	

	OFDM
	16QAM
	120
	100
	[17,36]
	EVM
	7.3
	

	OFDM
	16QAM
	60
	200
	[33,192]
	EVM
	7.3
	

	OFDM
	16QAM
	120
	200
	[65,4]
	EVM
	7.4
	

	OFDM
	16QAM
	120
	400
	[33,208]
	EVM
	7.4
	

	OFDM
	64QAM
	60
	50
	[1,66]
	EVM
	8.2
	9.0

	OFDM
	64QAM
	120
	50
	[1,32]
	EVM
	8.1
	

	OFDM
	64QAM
	60
	100
	[65,4]
	EVM
	8.5
	

	OFDM
	64QAM
	120
	100
	[33,4]
	EVM
	8.4
	

	OFDM
	64QAM
	60
	200
	[33,200]
	EVM
	8.4
	

	OFDM
	64QAM
	120
	200
	[65,4]
	EVM
	8.9
	

	OFDM
	64QAM
	120
	400
	[129,8]
	EVM
	8.2
	

	DFT-s-OFDM
	QPSK
	60
	50
	[1,60]
	IBE
	4
	4.5

	DFT-s-OFDM
	QPSK
	120
	50
	[1,25]
	IBE
	4.1
	

	DFT-s-OFDM
	QPSK
	60
	100
	[33,40]
	IBE
	4
	

	DFT-s-OFDM
	QPSK
	120
	100
	[17,50]
	IBE
	3.8
	

	DFT-s-OFDM
	QPSK
	60
	200
	[65,192]
	IBE
	4.3
	

	DFT-s-OFDM
	QPSK
	120
	200
	[65,36]
	IBE
	4
	

	DFT-s-OFDM
	QPSK
	120
	400
	[33,216]
	IBE
	4.1
	

	DFT-s-OFDM
	16QAM
	60
	50
	[33,2]
	EVM
	5.2
	6.0

	DFT-s-OFDM
	16QAM
	120
	50
	[17,1]
	ACLR
	5.3
	

	DFT-s-OFDM
	16QAM
	60
	100
	[65,4]
	EVM
	5.4
	

	DFT-s-OFDM
	16QAM
	120
	100
	[33,3]
	EVM
	5.5
	

	DFT-s-OFDM
	16QAM
	60
	200
	[129,32]
	ACLR
	5.3
	

	DFT-s-OFDM
	16QAM
	120
	200
	[65,4]
	EVM
	5.7
	

	DFT-s-OFDM
	16QAM
	120
	400
	[129,5]
	ACLR
	5
	

	DFT-s-OFDM
	64QAM
	60
	50
	[33,3]
	EVM
	7.4
	8.0

	DFT-s-OFDM
	64QAM
	120
	50
	[17,2]
	EVM
	7.2
	

	DFT-s-OFDM
	64QAM
	60
	100
	[65,4]
	EVM
	7.6
	

	DFT-s-OFDM
	64QAM
	120
	100
	[33,5]
	EVM
	7.7
	

	DFT-s-OFDM
	64QAM
	60
	200
	[129,40]
	ACLR
	6.7
	

	DFT-s-OFDM
	64QAM
	120
	200
	[65,4]
	EVM
	7.9
	

	DFT-s-OFDM
	64QAM
	120
	400
	[129,9]
	EVM
	6.9
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5. Conclusion
In this paper, we present initial FR2 MPR results based on measured multi-PA data for 28GHz. Issues to clarify for FR2 MPR are identified.

Observation 1: IQ mismatch and LO leakage budget need to be tightened for 64QAM in FR2, considering potential large PN contribution.
Observation 2: Whether FR2 MPR applies only to array boresight or to include spherical coverage needs to be clarified. 
Observation 3: MPR reference for FR2 needs to be clarified.
Observation 4: With transparent pulse shaping, TDSS pulse shaping shows 0.5dB better MPR compared to FDSS pulse shaping for pi/2 BPSK.
Observation 5: Small RB allocation covering LO position is limiting MPR results for 16QAM and 64QAM. Clarification on how LO is treated in EVM measurement is needed. 
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