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Introduction
During RAN1#86, RAN1 captured the following agreements regarding phase noise compensation
Agreements:
· In addition to the front-loaded RS agreed to study in RAN1#85, same or extended/additional RS is studied in NR of at least the following.
· Estimated/compensate Doppler parameters
· Compensate phase rotation and frequency offset
· Note that RS may or may not be UE-specific

This contribution discusses the reference signal for compensation of phase rotation in NR.
Compensation of phase rotation
2.1 Compensation of phase rotation due to residual frequency offset
[bookmark: _GoBack]OFDM has been proven to be very sensitive to frequency offset and phase noise caused by tuning oscillator inaccuracies of Doppler shifts induced by the channel. In a typical scenario, during RF down conversion, the oscillator is not exactly tuned to the expected carrier frequency. During synchronization, the frequency offset has to be estimated by using SS as well. Although frequency offset was estimated as very small by using SS, this small residual frequency offset generates a constant phase inside the OFDM symbol at the FFT output, which causes linear phase changes across all symbols within a subframe. Figure 1 and 2 shows the subframe structure for simulation and the constellation change per OFDM symbol due to the residual frequency offset, respectively. We assumed that the residual frequency error is normalized to the subcarrier spacing as 0.01 with 64 QAM. From the front-loaded DMRS symbol, 10 OFDM symbols are allocated for data channel.


Figure 1. An example of subframe structure



Figure 2. The constellation changes per OFDM symbol for data channel (Normalized CFO : 0.01)

As shown in figure. 2, phase due to residual frequency offset gets accumulated from symbol to symbol and becomes a large phase after several OFDM symbols. Thus at least one symbol for RS in time domain may be needed to track phase rotation within a subframe. The time density of RS for phase rotation due to residual frequency offset can be design considering required frequency error during downlink synchronization.  
Observation: Study antenna port(s) mapping and frequency density for RS for phase noise estimation considering trade-off between RS overhead and performance.
2.2 Compensation of phase rotation due to phase noise
In addition to ordinary frequency offset the time varying phase behavior of the oscillator is one of the challenging issue at above 6GHz than below 6GHz. When the mismatch of oscillator frequencies between transmitter and receiver occurs, the frequency difference implies a shift of the received signal spectrum at the baseband. In OFDM, it causes a misalignment between the bins of FFT and the peaks of the sinc pulses of the received signal. This breaks orthogonality between the subcarriers so that results in a spectral leakage among them. Each subcarrier interferers with another subcarrier, and as there are many subcarriers this is a random process equivalent to Gaussian noise. The distortion due to phase noise can be divided into two components: Common Phase Error(CPE) and Inter Carrier Interference(ICI). While ICI corresponds to adjacent subcarriers interfering with each other, CPE represents the common phase rotation experienced by all the subcarriers within one OFDM symbol. Figure 3 and 4 show the effect of phase noise on phase distortion and BLER performance. Parameters for simulation are represented in Appendix. As shown in figure 3 and 4, phase noise is regarded as a kind of time-variant channel within OFDM symbol so that a UE need to estimate phase noise on every symbol.
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Figure 3. Phase noise in time domain
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Figure 4. PN effect on BLER performance 

Proposal 1: RS should be consecutively located in OFDM symbol to compensate the impact of phase noise 
Based on the time-continuous RS structure, time-allocation of RS for phase noise can be considered as following two alternatives:
- Alt. 1: RS can be assigned on symbols where both data symbols and DMRS are transmitted
The phase rotation due to phase noise on every symbol can be estimated by the relative phase difference. For example, a UE can estimate the phase which was combined the phase of channel and phase due to phase noise by RS on DMRS symbol. And then it estimates the relative phase between adjacent OFDM symbols as follow. If one oscillator is equipped with each Tx antenna and Rx antenna, all of links between Tx antennas and Rx antennas would experience same phase noise. Thus, in order to reduce RS overhead, only one antenna port for RS for phase noise estimation can be considered in Alt. 1 without precoding. However, it should be studied further whether DMRS ports can be assigned to remaining subcarriers on DMRS symbol or not.  


Figure 3. An example of RS allocation for phase noise estimation for Alt. 1
- Alt. 2: RS can be assigned on symbols where data symbols are transmitted only. 
· Alt. 2-1: The number of RS for phase noise estimation ports are same as those for RS
· Alt. 2-2: Single antenna port is defined for RS for phase noise estimation
In Alt. 2, two options for antenna port(s) mapping can be considered. In Alt. 2-1, if we assume that DMRS has 8 ports, the antenna port for RS for phase noise estimation would have 8 ports to apply same precoding matrix as the DMRS and data channel to estimate phase noise exactly. In contrast with Alt. 2-1, single antenna port is defined for RS for phase noise estimation like in Alt. 1. In Alt. 2-2, TRP couldn’t apply same precoding matrix to RS for phase noise estimation because of limited number of antenna port. Thus, the phase noise estimation performance can be degraded compared to that in Alt. 2-1 because a UE couldn’t phase difference between DMRS symbol and adjacent symbol due to channel difference between two symbols. Thus, ways to assign antenna port(s) to RS for phase noise estimation considering the tradeoff between RS overhead and estimation performance should be studied further. Regarding antenna port(s), the density of each antenna port in frequency domain should be studied further as well. 


Figure 4. An example of RS allocation for phase noise estimation for Alt. 2
Proposal 2: Study antenna port(s) mapping and frequency density for RS for phase noise estimation considering trade-off between RS overhead and performance.
Conclusions
This contribution discusses the reference signal for compensation of phase rotation in NR. The observations and proposals are as follows:
Observation : The time density of RS to estimate phase rotation due to residual frequency offset can be designed considering assumption of residual frequency offset error after frequency tracking
Proposal 1: RS should be consecutively located in OFDM symbol to compensate the impact of phase noise
Proposal 2: Study antenna port(s) mapping and frequency density for RS for phase noise estimation considering trade-off between RS overhead and performance.  
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Appendix
[bookmark: _Ref458764604]Table 2. Parameters for simulation 
	Parameters
	Value

	Channel model
	SISO, UMi LOS

	Phase noise model
	Model with set A in [2]

	Carrier frequency 
	30GHz

	Subcarrier spacing 
	75kHz

	Channel estimation
	Practical(DMRS, RS for phase noise estimation)

	MCS level
	64 QAM, 2/3 rate
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