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1. Introduction
During RAN4 #88bis, discussions and simulation alignment for BS performance requirement had continued.  In this contribution we raise a few issues still needed to be addressed in RAN4 before further simulation results are to be aligned between companies in FR2.  Although in FR1 many aspects and requirements can be reused from LTE, this is not always the case for FR2 as the higher frequency provides new challenges that are not present in sub 6 GHz range.  
In this contribution we will endeavour to highlight two fundamental issues.

2. Discussion
As work continues to finalize simulation parameters and alignment, with the aggressive timeline it is very tempting to reuse as many parameters and scenarios as possible from either LTE or UE discussions.  Although many parameters can be adopted from LTE, especially for FR1, for millimetre wave not all aspects hold true.  For FR2, two remaining issues are highlighted: phase noise modelling and performance impact and if the adequateness of the link budget conditions.
2.1	Phase Noise Modelling
Phase noise effects is well known within the millimetre wave community. It has a substantially larger impact on system performance at millimetre wave frequencies compared to systems operating in the low gigahertz regime [2]. 
Phase noise is introduced when a baseband signal is up-converted to the millimetre frequency on the transmitter side using a so called local-oscillator (LO) signal. Correspondingly, on the receiver side, the received modulated millimetre frequency signal is down-converted to baseband, again using an LO signal. 
The LO signal is ideally a perfect sinusoidal waveform with a fixed frequency and phase. Unfortunately, a real LO signal is impaired by noise leading to random fluctuation of the phase, aka phase noise. Phase noise levels generally worsens for increasing LO frequencies.  
Thus, the signal at the demodulator side will be impaired by the LO signal in the transmitter, the fading channel, and finally by the LO signal in the receiver. The phase noise from the two LOs randomly phase-modulate the signal leading to interference. 
Phase noise may be viewed to introduce two effects on the received signal, common phase error (CPE) and also intercarrier interference (ICI) [3].  Although CPE can be compensated at the receiver the degradation due to ICI in general is harder to remove.  For demodulation requirements, the impairment due to CPE should be what is the focus when considering simulation impairments modelling in FR2.  To better illustrate this, the following (equation 1) is y(n) the received time domain signal where h(n) is impulse response of the channel and w(n) is the noise introduced by the fading channel. 
	y(n) + w(n)
	(1)


As mentioned, the received demodulated signal can be expressed in two components.  The CPE due to phase noise but also the ICI.  In equation 2 the full demodulated signal is expressed.
	Y(k)
	(2)


The algorithm to first estimate the CPE but then next to also apply a compensation is implementation specific.  However, the impact of phase noise without any CPE compensation may need proper consideration towards BS performance requirements.  Studying this effect over a symbol duration does not provide enough analysis as one could miss the long-term phase variation effects that an inherent property of this impairment.  
 If we consider the following receive path below, in Figure 1.  For a scenario where CPE estimation and compensation are not applied, the channel estimation could in theory remove some of the degradation in performance.  However, as can be shown by the analysis in Figure 2, using ideal simulation assumptions agreed in [1] the overall affect only considering PN as impairments were the SNR at the performance requirement criteria (70% of maximum throughput) is impacted.

[image: ]
Figure 1: Example Received Signal Path
Further analysis was done with the simulation assumptions considering higher MCS than currently being discussed during simulation alignment, however will all other agreed simulation assumptions as the basis.  The purpose of this is to highlight the PN impact and to ensure suitable test coverage is considered.  For lower MCS, the impact of PN and the need for CPE compensation is not as crucial, it may therefore needed by the group to determine if the test coverage currently being considered is sufficient for full testing at FR2.  
  [image: ]
Figure 2: Comparison with PN impact with and without CPE compensation

2.2	Link Budget for OTA testing
Traditionally, for conducted demodulation requirements AWGN is input to the receiver at around 20dB above the receive noise floor. For 64QAM modulation, the wanted signal SNR is around 20-25dB, so the wanted signal power is around 20-45dB above the receiver noise floor. The AWGN is injected in order that the SNR is dominated by the wanted signal/AWGN ratio and RF effects within the BS receiver are negligible.
To replicate this procedure for OTA testing, sufficient power must be generated within the OTA chamber. Physical constraints of the test setup including the far field distance for the array, test setup losses and the achievable power output of the test signal generator and any amplifier will set an upper limit of the available power during the testing. The limit on the output power will limit how high the wanted signal and AWGN levels can be.
Contributions have been provided to the RF session [4] discussing the link budget for OTA testing. For FR1, the conclusion is that the link budget is sufficient to enable demodulation testing based on around 20dB of added AWGN as considered previously for conducted requirements. For FR2, an initial evaluation of the test chamber link budget and output power of the test system suggests that a test setup in which around 20dB AWGN is added is possibly not feasible once margin for the fading channel is allowed for. However, the required SNR for the FRC and also the statistics of the fading channel need to be checked before reaching a final conclusion. If the channel can provide a significant gain or the SNR level is higher than around 25dB then there may not be sufficient power to add 20dB AWGN, possibly the margin of AWGN over the noise floor may be significantly (i.e. 10dB or more) less than 20dB
In terms of simulation considerations, adding less AWGN would increase the impact of phase noise. With a large amount (i.e. 20dB) of added AWGN, phase noise is contributed from the signal generator. If the AWGN level needs to be reduced, then phase noise generated within the BS receiver will also become of importance. This may impact the SNR needed for the requirement.
Further analysis of the issue and it’s possible implications will be provided in the RF session; as input to this discussion some preliminary conclusion on the highest needed SNR and on the extent of power variation in the fading channel is needed.


3.	Way Forward
For FR2 BS demodulation performance with impairment simulations must consider phase noise modelling as input towards requirement levels.
Simulation considerations of required SNR given the link budget considerations in FR2 for BS demodulation performance

4.	References
[1] R4-1813942, “WF for NR PUSCH demodulation”, Nokia
[2] S. Ek et al., "A 28-nm FD-SOI 115-fs Jitter PLL-Based LO System for 24–30-GHz Sliding-IF 5G Transceivers," in IEEE Journal of Solid-State Circuits, vol. 53, no. 7, pp. 1988-2000, July 2018.
[3] J. Stott, The effects of phase noise in COFDM, Le Grand-Saconnex, Switzerland, Jun. 1998.
[4] R4-1815512, “On link budget for OTA demodulation testing in FR2”, Ericsson
3GPP
image1.png
Parameters and CPE Estimation
Demodulation Channel and

Estimation compensation

Equalization and
decoding





image2.emf
5 10 15 20 25 30 35 40

SNR [dB]

0

50

100

150

200

250

300

350

T

h

r

o

u

g

h

p

u

t

 

[

M

b

p

s

]

No Phase noise

Phase noise without CPE compensation

Phase noise with CPE compensation


