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1 Introduction
In last meeting, RAN4 replied the LS to RAN1 on the feasible TX and RX EVM for DL 1024QAM in [1]. In this contribution, impacted RF requirements including BS TX EVM are discussed and the related changes on RF requirements are proposed.

RAN1 would like to ask RAN4 what Rx EVM range RAN1 should consider for further evaluations.
[RAN4]: RAN4 recommends that following RX EVM could be assumed in the evaluation:

1. 2%-4% for typical UEs 
2. 1.5% to 2% for high end UEs
Support of such RX EVM values may result in the increased UE power consumption, chip size and cost. The related enhancements could be potentially applicable to at least very high capability devices listed examples in the WID.
RAN1 would also like to ask RAN4 what Tx EVM range RAN1 should consider for further evaluations.
[RAN4]: RAN4 recommend that following TX EVM could be assumed in the evaluation:

1. 2.0%-2.5% could be assumed in the evaluation for below 3GHz
2. 2.0%-3.0% could be assumed in the evaluation for 3GHz-6GHz

Support of such TX EVM values could result in some power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size.
2 Discussion

2.1 BS TX EVM
Link level simulation results are provided in [2] and the throughput gain is replicated as below. It can be observed that with multiple receiver antennas and no mobility, i.e. CPE, the benefit for 1024QAM is practical. 
Table 1. Summary of throughput gain(percentage@40dB) in TDL-A/D
	TX/EVM                RX/EVM
	1.5%
	2%
	3%
	4%

	2%(TDL-A, 2T4R)
	5.86%
	4.04% 
	no gain 
	no gain 

	2.5%(TDL-A, 2T4R)
	0.23%
	no gain 
	no gain 
	no gain 

	3%(TDL-A, 2T4R)
	no gain 
	 no gain 
	 no gain 
	 no gain 

	2%(TDL-A, 2T8R)
	8.14%
	7.84%
	5.54%
	3.05% 

	2.5%(TDL-A, 2T8R)
	6.97%
	6.64%
	3.89%
	no gain 

	3%(TDL-A, 2T8R)
	0.59%
	no gain
	 no gain 
	 no gain 

	2%(TDL-D, 2T4R)
	11.7%
	10.7%
	4.35%
	no gain 

	2.5%(TDL-D, 2T4R)
	11.3%
	9.6%
	1.2%
	no gain 

	3%(TDL-D, 2T4R)
	6.2%
	 1.8%
	no gain 
	no gain 

	2%(TDL-D, 2T8R)
	12.5%
	12.5%
	12.5%
	12.5%

	2.5%(TDL-D, 2T8R)
	12.5%
	12.5%
	12.5%
	12.5%

	3%(TDL-D, 2T8R)
	12.5%
	 12.5%
	 12.4%
	11.3%


As for the BS TX EVM requirement specified for 1024QAM, it should also consider power back-off amount at the cost of decreased coverage, increased price and size as explained in the LS. In addition, since only the minimum requirement is specified, it should not be too tight considering the variation of the RF components. Balancing the performance gain and the hardware pain, it is proposed to adopt 2.5% for BS TX EVM for 1024QAM.
Table 2: EVM requirements for E-UTRA carrier

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %

	1024QAM
	2.5 %


2.2 RE Power control dynamic range
RE power control dynamic range is related to modulation scheme. For 1024QAM, 0dB dynamic range should be reused since it is the highest modulation order the BS supports as below table.
Table 3 E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	1024QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


2.3 UE maximum input level

UE maximum input level is also related to modulation scheme. For 1024QAM, since the PAPR is increased, the maximum input level should be relaxed. 2dB relaxation is proposed for 1024QAM compared with 256QAM for both single carrier and intra-band CA.
Table 4: Maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4
MHz 
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-252

	
	
	-273

	
	
	-294

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.

NOTE 3:
Reference measurement channel is Annex A.3.2: 256QAM, R=4/5 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 4:  Reference measurement channel for 1024QAM is FFS.


Table 5: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C
	D
	E
	F

	Power in largest Transmission Bandwidth Configuration CC
	dBm
	
	-282
	-252
	-252
	-262
	-272

	
	
	
	-303
	-273
	-273
	[-28]3
	[-29]3

	
	
	
	-323
	-293
	-293
	[-30]3
	[-31]3

	Power in each other CC
	dBm
	
	-28+ 10log(NRB,c /NRB,largest BW) 2
	-25 + 10log(NRB,c /NRB,largest BW) 2
	-25 + 10log(NRB,c /NRB,largest BW) 2
	-26 + 10log(NRB,c /NRB,largest BW) 2
	-27 + 10log(NRB,c /NRB,largest BW) 2

	
	
	
	-30+ 10log(NRB,c /NRB,largest BW) 3
	-27 + 10log(NRB,c /NRB,largest BW) 3
	-27 + 10log(NRB,c /NRB,largest BW) 3
	[-28] + 10log(NRB,c /NRB,largest BW) 3
	[-29] + 10log(NRB,c /NRB,largest BW) 3

	
	
	
	-32+ 10log(NRB,c /NRB,largest BW) 3
	-29 + 10log(NRB,c /NRB,largest BW) 3
	-29 + 10log(NRB,c /NRB,largest BW) 3
	[-30] + 10log(NRB,c /NRB,largest BW) 3
	[-31] + 10log(NRB,c /NRB,largest BW) 3

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 3:
Reference measurement channel is Annex A.3.2: 256QAM, R=4/5 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.
NOTE 4:  Reference measurement channel for 1024QAM is FFS.


3 Conclusion
This contribution discussed impacted RF requirements including BS TX EVM and requirement change for DL 1024QAM is proposed to be adopted in Table 2~Table 5.
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Appendix
Table A-1. Link-level simulation assumptions

	Bandwidth
	20MHz

	Carrier frequency 
	2G

	Channel model and Doppler frequency
	TDL-A/D with DS {10ns}

- Maximum Doppler frequency: 5Hz 

	Transmission mode
	TM4

	MIMO configuration
	2x8/2x4

	Antenna correlation (Tx and Rx)
	Uncorrelated

	CRS configuration
	Antenna ports 0,1

	Rank number
	2 

	UE receiver
	MMSE-IRC

	Channel estimation
	Practical

	Interference estimation
	Practical

	Modulation mapping
	Gray mapping (described in R1-1705007)

	Overhead assumption
	3 PDCCH symbols;

PBCH/PSS/SSS;

2-port CRS;

	TX/RX EVM
	[2%,2.5%, 3%/1.5%, 2%, 3%, 4%]

	Metric
	Throughput(Mbps)
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