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1 Introduction

In the previous RAN4 meeting WF on simulation assumptions for NR UE PDSCH performance tests was agreed [1] and the following agreement related to FR2 requirements were reached:

	· 64QAM

· For rank 2, use MCS 19 or less pending on further study for PN impact

· For rank 1, use MCS 24 or less pending on further study for PN impact

· Companies are encouraged to bring more analysis for PN impact on performance requirements in FR2 covering frequency ranges from 24GHz to [52]/[40]GHz? Candidate options:

· Option 1: Define band agnostic requirements

· Assume worst case RF impairments (e.g. for 52 GHz)

· Limit the maximum tested MCS

· Option 2: Define band-specific requirements

· Other options not excluded


In this contribution we analyse the FR2 UE demodulation performance for the case of using practical RF phase noise impairments and compare the performance in different frequency bands.
2 Discussion

One issues of FR2 is a very wide frequency range from 24.25 GHz to 52.60 GHz, and assuming practical RF impairments, the performance can vary for different frequency bands which may complicate introduction of band agnostic requirements. In Table 1 we provide the summary of the existing frequency bands for FR2 operation (additional bands can be introduced in future).

Table 1. NR FR2 operating bands

	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	n257
	26500 MHz - 29500 MHz
	26500 MHz - 29500 MHz
	TDD

	n258
	24250 MHz - 27500 MHz
	24250 MHz - 27500 MHz
	TDD

	n260
	37900 MHz - 40000 MHz
	37900 MHz - 40000 MHz
	TDD

	n261
	27500 MHz - 28350 MHz
	27500 MHz - 28350 MHz
	TDD


For FR2 the performance can be very sensitive to the Tx/Rx phase noise imperfections. The typical phase noise models for mmWave communication are captured in TR 38.803 [2] and expected to be used to define the minimum UE requirements. In Figure 1 we illustrate the phase noise PSD for different frequencies for the phase noise models provided in the 3GPP TR 38.803 [2]. 
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Figure 1. Phase noise models (TR 38.803)

In Table 2 we provide the estimates of the residual EVM after ideal common phase error compensation for the phase noise models defined in the TR 38.803 and for different FR2 carrier frequencies. It may be observed that the EVM substantially grows with the increase of carrier frequency.

Table 2. Phase noise residual EVM after CPE compensation

	Phase noise Model
	EVM [%]

	
	24 GHz
	29 GHz
	39 GHz
	52 GHz

	TR 38.803 Example 1 model (section 6.1.10)
	2.8
	3.6
	4.7
	6.1

	TR 38.803 Example 2 model (section 6.1.11) 
	BS side
	1.8
	2.1
	2.8
	4.0

	
	UE side
	4.6
	5.5
	7.3
	10.0


It is well known that the DL performance for the high SNR regions can be sensitive to the TX/RX EVM. In the figures below we illustrate the PDSCH performance for different MCS and MIMO ranks. The results are provided for different phase noise models and for different carrier frequencies. The results show that the performance can be very sensitive to the particular frequency band due to increased phase noise contribution at higher carrier frequencies.
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	Figure 2. PDSCH performance for FR2


In Table 3 and Table 4 we provide detailed performance analysis of phase noise impact on PDSCH performance with 64QAM modulation. “Inf” means that maximum throughput is not achievable for scenarios with phase noise modeling.
Table 3. PSSCH performance analysis for phase noise model 1
	MCS + Rank
	SNR for no PN case
	SNR loss @ 70% Max T-put [dB] vs no phase noise case

	
	
	24 GHz
	29 GHz
	39 GHz
	52 GHz

	MCS 18 Rank 1
	9.9
	0.1
	0.2
	0.4
	0.7

	MCS 19 Rank 1
	10.6
	0.1
	0.2
	0.4
	0.8

	MCS 20 Rank 1
	12.0
	0.1
	0.2
	0.5
	0.8

	MCS 22 Rank 1
	13.6
	0.3
	0.6
	1.3
	2.3

	MCS 24 Rank 1
	16.4
	0.3
	0.8
	1.4
	3.0

	MCS 26 Rank 1
	19.2
	0.7
	1.0
	2.4
	Inf

	MCS 28 Rank 1
	23.4
	1
	2.3
	Inf
	Inf

	MCS 18 Rank 2
	17.7
	0.2
	0.3
	0.7
	1.4

	MCS 19 Rank 2
	18.9
	0.3
	0.5
	1.1
	2.0

	MCS 20 Rank 2
	19.8
	0.4
	0.6
	1.3
	2.6

	MCS 22 Rank 2
	22.8
	0.4
	0.8
	1.8
	Inf

	MCS 24 Rank 2
	26.1
	0.6
	1.6
	Inf
	Inf


Table 4. PSSCH performance analysis for phase noise model 2
	MCS + Rank
	SNR for no PN case
	Carrier frequency

	
	
	24 GHz
	29 GHz
	39 GHz
	52 GHz

	MCS 18 Rank 1
	9.9
	0.2
	0.3
	0.5
	1.0

	MCS 19 Rank 1
	10.6
	0.2
	0.3
	0.6
	1.4

	MCS 20 Rank 1
	12.0
	0.2
	0.4
	0.7
	1.6

	MCS 22 Rank 1
	13.6
	0.7
	1.3
	2.4
	Inf

	MCS 24 Rank 1
	16.4
	0.5
	1.4
	Inf
	Inf

	MCS 26 Rank 1
	19.2
	1.4
	Inf
	Inf
	Inf

	MCS 28 Rank 1
	23.4
	3.1
	Inf
	Inf
	Inf

	MCS 18 Rank 2
	17.7
	0.4
	0.5
	1.0
	Inf

	MCS 19 Rank 2
	18.9
	0.7
	0.9
	1.8
	Inf

	MCS 20 Rank 2
	19.8
	0.8
	1.0
	2.1
	Inf

	MCS 22 Rank 2
	22.8
	0.8
	1.4
	Inf
	Inf

	MCS 24 Rank 2
	26.1
	1.0
	Inf
	Inf
	Inf


Observations #1: PDSCH performance is rather sensitive to CF value and phase noise impact may lead to performance degradation up to 3.1 dB in scenarios with achievable maximum throughput. 
Observations #2: Under the worst conditions (CF 52GHz) rather small PDSCH performance degradation (<=1.0 dB) can be observed only for scenarios with Rank 1 and limited set of MCS indexes.
Based on our results, we can conclude that band agnostic FR2 PDSCH requirements for 64QAM modulation can be defined only for scenarios with Rank 1 and MCS indexes 18-20 (if PN model 1 is assumed) or MCS index 18 (if PN model 2 is assumed). 
64QAM FR2 requirements for scenarios with higher MCS or Rank 2 transmission can be defined only for limited set of scenarios. Taking into account that FR2 bands, defined at current stage, are limited by 40GHz, we can also define Rank 2 test with MCS18. However, we would like to note that in the previous RAN4 meeting the following agreements were reached on maximum feasible SNR level in Testability discussion [3]:
[image: image7.emf] Direct near field (DNF)  Direct far field (DFF)  Indirect far field (IFF)  

Max SNR, 100MHz Ch BW  [ 19.7dB ]  [ 16.5 dB ]  [ 17.0 dB ]  

Max SNR, 200MHz Ch BW  [ 16.7dB ]  [ 13.5 dB ]  [ 13.9 dB ]  

 


Taking into account such agreement and results from Table 3 and Table 4 we can observe that operating SNR point for Rank 2 scenarios is rather close to maximum SNR without adding IM term. Therefore, we suggest to further discuss definition of 64QAM Rank 2 requirements in FR2. One way, RAN4 can define such requirements and decision on testing of such scenarios will be up to TE vendor.
Proposal #1:
Define FR2 PDSCH 64QAM requirements in band agnostic manner for Rank 1 MCS18 transmission. 
Proposal #2:
FFS definition of 64QAM Rank 2 requirements for FR2.
3 Conclusion

In this paper we provide our view on FR2 UE demodulation performance requirements. In summary we make the following observations and proposals:
Observations #1: PDSCH performance is rather sensitive to CF value and phase noise impact may lead to performance degradation up to 3.1 dB in scenarios with achievable maximum throughput. 
Observations #2: Under the worst conditions (CF 52GHz) rather small PDSCH performance degradation (<=1.0 dB) can be observed only for scenarios with Rank 1 and limited set of MCS indexes.
Proposal #1:
Define FR2 PDSCH 64QAM requirements in band agnostic manner for Rank 1 MCS18 transmission.
Proposal #2:
FFS definition of 64QAM Rank 2 requirements for FR2.
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