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1. Introduction
In the RAN 1 #86bis meeting some agreements on NR reference signals supported for phase tracking have been achieved as follows [1]:
· For NR downlink
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· For NR uplink
· Reference signal for time/freq. and/or phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· For CP-OFDM waveform, for the RS enabling phase tracking, the following should be studied:
· Time domain pattern
· Alt-1: Continuous mapping, i.e., on every OFDM symbol
· Alt-2: Non-continuous mapping, e.g., every other OFDM symbol
· Switching between Alt-1 and Alt-2 can also be considered
· Frequency domain pattern
· Alt-A: Shared and across full carrier bandwidth with fixed density/spacing
· Alt-B: Within each UE’s scheduled bandwidth and with configurable density/spacing
· Other patterns are not precluded
· Other properties
· UE-specific and/or non-UE-specific
· Port multiplexing such as FDM/TDM/CDM
· Potential sharing across users/streams
· On-off configuration
In this contribution we provide some evaluation and discussion on Tracking Reference Signal (TRS) which can be used for phase noise compensation. The study covers the TRS design patterns, TRS densities and different user allocated RBs scenarios.
2. Impact of Phase Noise
The phase noise in oscillators can result from frequency synthesizers that consists of a reference clock, VCO, loop filter, PLL and so on. Its impact on the system is discussed in [2]. The phase noise level in high band is higher and the time variation is faster in comparison with low band. The baseband time domain receiving signal can be given as:
												(1)
where  denotes the time domain transmitting sequence;  indicates the time domain channel;  refers to the phase noise; and  is the additive noise. Denoting the transmitted signal, channel, phase noise and additive noise on subcarrier k as , ,  and , the received signal in the frequency domain can be given as:
												(2)
From equation above the the phase noise can have two main impacts: one is that each subcarrier can be affected by a Common Phase Error (CPE) , which appears as the multiplication of the complex channel gain equally across all subcarriers; the other is the Inter-Carrier Interference (ICI) , which results in loss of orthogonality between subcarriers assuming OFDM waveform.
3. Phase Noise Tracking for CP-OFDM Waveform
To compensate the phase noise impact tracking reference signal (TRS) should be considered [1]. For the CP-OFDM system, tracking reference signal (TRS) can be low density and added in continuous or discontinuous OFDM symbols in the frequency domain as shown in Figure 1. 


     	 
Figure 1: Two TRS design patterns (left: continuous mapping; right: discontinuous mapping)
Given the DMRS is transmitted in symbol 2 and the data is transmitted in the following symbols, the channel estimated for subcarrier k in symbol l (l>2) can be obtained as:
																(3)
where  denotes the channel estimated from DMRS located in symbol 2 and  can be obtained by:

(4)
where  denotes the number of TRSs in symbol l;  indicates the subcarrier of TRS j.
For the discontinuous mapping scheme, for the OFDM symbols without TRS, one possible way is that its phase shift can be calculated based on the phase shift in the last symbol where TRS is presented as shown in (5), in which the TRS is mapped to symbol l-1 and there is no TRS in symbol l. 

(5)
This scheme assumes that the phase offset between two symbols are the same, which is targeting for the CFO compensation. Therefore,  can represent the phase offset between two consecutive symbols. However due to the phase noise impact, the phase shift between every two consecutive symbols cannot be the same. Another way is reuse the channel in DMRS symbol directly, while this scheme could not help to track the phase shift caused by CFO and phase noise. The only benefit is to avoid phase shift estimation error.
[bookmark: _GoBack]	Figure 2 illustrates some link-level simulation results for continuous and discontinuous TRS transmission. Detailed simulation assumptions can be found in [5] and also listed in the Appendix for easy reference. The MCS is 64QAM R = 5/6, which is calculated assuming frequency domain density of TRS of 1 subcarrier (SC) per 4 PRB and the continuous mapping of TRS in every data symbols. The TBS side is fixed for other evaluated cases. It can be observed that for resource allocations of 4 RBs and 32 RBs, the performance of discontinuous TRS is worse than for the case without phase noise compensation. Hence in time domain, the continuous TRS mapping is preferred.
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Figure 2:  The comparison of different TRS patterns (left: 4 RBs, right: 32 RBs)
	Further, with regard to the frequency domain density of TRS, as the CPE is the same in all subcarriers of one OFDM symbol, ideally for the TRS, one SC per symbol can be sufficient. However, due to additive noise and ICI impact, larger number of SCs for TRS is required to improve the CPE estimation accuracy. If the TRS density is fixed to be x SCs per RB, the number of TRS SCs in one symbol depends on the allocated bandwidth. As illustrated in Figure 3, when the number of allocated RBs for one user is relatively large, e.g. 32 RBs, the number of TRS SCs in the one symbol is as 8 times as the case when the UE is allocated 4 RBs. Therefore, the best frequency domain density of different bandwidth allocation cases may be different.


Figure 3: TRS design pattern for one user (32RBs)
	Figure 4 illustrates link level simulation results for different frequency domain density of TRS. In 4 RBs allocation scenario, the TRS density of 2 SC/4RB provides the best performance, while in 32 RBs allocation scenario, the best TRS density turns to be 1 SC/4RB. As the CPE is the same for all the subcarriers in one OFDM symbol, the more TRS in one symbol, the better channel estimation performance of TRS can be achieved, so that the CPE estimation could be more accurate. However if the number of TRS is too large, its overhead could be offset the performance improvement. That is why some performance degradation can be observed for 8 SC/4PRB case. Then for different bandwidth allocation, the best TRS density can be different. Moreover in [2], it has been observed that for some low SINR and low MCS case, the phase noise impact is not significant and use the TRS may not be needed. Therefore, the frequency domain density of TRS should be configurable.	
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Figure 4: link level simulation results of different TRS densities (left: 4 RBs, right: 32 RBs )
	
Observation 1: The performance of TRS mapped in continuous OFDM symbols is better than that with discontinuous mapping.
Observation 2: The best TRS density in frequency domain can be different depending on bandwidth allocation.
Proposal 1: Tracking reference signal for CP-OFDMA waveform can be configurable: for time domain pattern, continuous mapping of tracking RS is more preferred; for frequency domain pattern, the density can be configured as the best density is different for different resource allocation size.  
4. Phase Noise Tracking for DFT-S-OFDM Waveform
The DFT-S-OFDM waveform has been agreed to be the complementary to CP-OFDM waveform. In [2], the time domain TRS and frequency domain TRS for the DFT-S-OFDM waveform has been discussed. From the simulation results shown in [2] and in Figure A-1 and Figure A-2 in appendix, it can be observed that both time domain TRS and frequency domain TRS can help to track the phase noise, and some performance gain can be achieved with the help of TRS. It should be noted that the DFT-S-OFDM waveform is targeting for the limited link budget scenarios. with low or medium SINR, where the impact of  phase noise may not be significant. Therefore,  RAN1 should further study the necessity of introducing TRS for DFT-S-OFDM.
Proposal 2: RAN1 should study TRS for DFT-S-OFDM waveform for low SINR and medium SINR case with regard to CFO and phase noise.
5. Conclusion
In this contribution, we provide some discussion on the phase noise tracking reference signal design, and the following observations and proposals have been achieved.
Observation 1: The performance of TRS mapped in continuous OFDM symbols is better than that with discontinuous mapping.
Observation 2: The best TRS density in frequency domain can be different in different bandwidth allocation.
Proposal 1: tracking reference signal for CP-OFDMA waveform can be configurable: for time domain pattern, continuous mapping of tracking RS is more preferred; for frequency domain pattern, the density can be configured as the best density is different for different bandwidth allocation.
Proposal 2: RAN1 should study TRS for DFT-S-OFDM waveform for low SINR and medium SINR case with regard to CFO and phase noise.
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Appendix - Simulation Assumptions
Table A-1: Simulation Assumptions
	Carrier Frequency
	30GHz

	Channel Model
	AWGN

	Phase noise model
	Nokia model in R1-165685

	Frequency Offset
	None

	Evaluation cases
	Phase noise only, and no frequency offset

	Subcarrier Spacing(s)
	60kHz

	# of Physical RBs
	4, 32 RBs

	Antenna Configuration 
	1×1

	Transmission Scheme
	Single antenna transmission scheme (1 port) as a starting point

	Modulation order, Coding rate
	5/6 64QAM

	Channel coding scheme
	LTE turbo coding

	Link adaptation / HARQ
	No link adaptation and no HARQ

	Channel estimation
	Ideal estimation
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Figure A-1:  LLS result for FDMed TRS in DFT-S-OFDM waveform
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Figure A-2: LLS result for TDMed TRS in DFT-S-OFDM waveform 
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