3GPP TSG-RAN WG1 #86-Bis

















R1-1610276
Lisbon, Portugal, October 10-14, 2016
Agenda item:

8.1.4.4
Source:
Nokia, Alcatel-Lucent Shanghai Bell, Verizon Wireless
Title:
On PCRS Design for NR
Document for:

Discussion

1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR 38.913 [2].
In this contribution, we provide some evaluation and discussion on Phase Compensation Reference Signal (PCRS). 
The following agreements were made in RAN1#86:
·  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:

· Estimate/compensate Doppler parameters

· Compensate phase rotation and frequency offset

· Note that RS may or may not be UE-specific
2. Discussion 
2.1. Impact of Phase Noise 
Phase noise (PN), caused by oscillator implementation technology destroys the orthogonality of subcarriers in OFDM. Like illustrated in Figure 1, this causes Common Phase Error (CPE), causing a constant rotation angle of the modulation constellation, and Inter-Carrier Interference (ICI), causing scattering of the constellation points, in OFDM based systems. This further limits the maximum received SNR especially at higher carrier frequencies. The PN impact may be handled by using large subcarrier spacing and PN estimation and compensation at the receiver. 
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Figure 1. Impact of phase noise to modulation constellation.

2.2. PCRS for PN-Induced Common Phase Error Compensation for OFDM Waveform 
The PN-induced CPE term may vary from an OFDM symbol to another. Therefore, PCRS design needs to provide means to track the time-varying CPE component of PN. 
It is of interest to evaluate the impact of LO PN with a UE receiver performing PCRS based CPE estimation and compensation in case of different numerologies. Therefore, we consider the subframe structures depicted in Figure 2. The resource allocation of DMRS, PCRS and PDSCH (illustrated over 12 consecutive subcarriers in frequency) for different numerology cases of 60 kHz, 120 kHz and 240 kHz subcarrier (SC) spacing are shown in subfigures (a), (b) and (c), respectively, assuming 0.125 ms slot duration. The DMRS is considered to be transmitted in the first symbol of the subframe in front-loaded manner. Further details of DMRS can be found our companion paper [3]. Regarding PCRS, one continuous-in-time pilot subcarrier per every 4 PRBs is allocated for each OFDM symbol except the first one for all the numerology options. All the remaining REs are allocated for PDSCH. A fixed system bandwidth of 80 MHz is assumed, resulting in 100, 50 and 25 allocated RBs (of 12 SCs each), respectively, for 60 kHz, 120 kHz and 240 kHz. Consequently, the number of PCRS REs per OFDM symbol scales down with increasing SC spacing as follows: 25, 12 and 6 REs, respectively. On the other hand, the number of PCRS REs in time increases with numerology. The CPE is estimated per symbol manner from the received samples of corresponding PCRS REs. The obtained CPE estimates are then used for CPE compensation by symbol-wise rotation of phase of all SCs in a given symbol. The length of the cyclic prefix scales down as, 1.19 µs, 0.6 µs and 0.3 µs, for 60 kHz, 120 kHz and 240 kHz, respectively. 
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Figure 2. Subframe resource allocation including PCRS pilots for (a) 60 kHz, (b) 120 kHz and (c) 240 kHz numerologies.
2.3. Link Evaluations of PCRS Based CPE Compensation
In this section we aim to evaluate performance impact due to PN on OFDM waveform. The PN impact is dependent on the utilized oscillator performance, modelled by oscillator Power Spectral Density (PSD). The modelling of oscillator performance for evaluation purposes of NR was discussed in our companion paper [4]. Link-level simulations for which results are presented in this contribution were carried out at 30 GHz utilizing the PN model of the WF proposal in [4]. Figure 3 shows the (PSD) of the referred oscillator model for reference.
[image: image5.png]PSD [dBc/Hz]

20+

40

|

[}

o
T

|

o

(=}
T

-100 -

-120 -

-140
le-06

=== WF PN-model
P S Y Y S Y S Y S Y T W S ) A B M 1) I B A AT B R AT
1.0E-5 0.0001 0.001 0.01 0.1 1 10 100 1000 10000 100000 le+06

Frequency offset [kHz]




Figure 3. PSD vs frequency offset of the considered oscillator model.

Performance assessment was done by adopting the link-level evaluation assumptions specified in Table A.1.1-3 in [5], unless otherwise stated in the following. The simulation assumptions are summarized in the Appendix. More specifically, we assumed CDL-A channel profile of TR 38.900 with 50ns delay spread, as well as 15 degrees AoD spread for TRP and 45 degrees AoA spread for UE. For TRP and UE antenna models, antenna configurations of (8, 8, 2, 1, 1) and (2, 4, 2, 1, 1), respectively with antenna element spacings of (0.5, 0.5) ( were used. Beam forming angles were selected according to the dominant power cluster of the considered channel profile (see TR 38.900). In order to focus on the phase noise impact and CPE compensation capability of PCRS design as detailed in Section 2.2, we assumed ideal channel estimation based on DMRS. Furthermore, LTE Turbo code and MMSE receiver are considered. 
Figures 4 (a) – 4 (c) show the link level simulation results for rank-1 PDSCH with R=1/2 16-QAM, R=3/4 64-QAM and R=3/4 256-QAM in CDL-A (50ns DS) for 60 kHz, 120 kHz and 240 kHz SC spacing, respectively.  Different MCSs are marked with different colors as follows: R=1/2 16-QAM (black), R=3/4 64-QAM (red), R=3/4 256-QAM (blue). The BLER versus SNR performance is shown (see dashed lines) for a UE receiver performing CPE estimation and compensation utilizing the PCRS pilots transmitted as specified in Section 2.2. For the R=3/4 64-QAM and R=3/4 256-QAM cases, also two other reference curves are given. For the lower bound we consider the case without PN and for the upper bound we consider the case with PN in combination with receiver operation that does not perform any kind of PN compensation.
Figures 4 (a) – 4 (c) clearly indicate that without PN compensation the BLER performance of PDSCH is severely degraded in comparison to the case where CPE estimation and compensation based on continuous-in-time PCRS pilots are applied. By comparing the results with CPE compensation and without PN for R=3/4 64-QAM and R=3/4 256-QAM, it can be clearly seen that the PCRS based CPE compensation enhances the performance. More specifically, in comparison to the case without PN compensation, PCRS based CPE compensation can achieve 9 dB SNR improvement at 10-1 BLER for R=3/4 64-QAM with all subcarrier spacings. In case of R=3/4 256-QAM, performance improvement is even more drastic, as without PN compensation BLER level of approximately 70% can be observed at 20 dB SNR for all SC spacings. Moreover, when comparing the CPE compensated performance at 10-2 BLER to that obtained without PN, the results show following SNR degradation: In case of R=3/4 64-QAM, 0.8 dB, 1 dB, and 0.8 dB for 60 kHz, 120 kHz and 240 kHz, respectively. In case of R=3/4 256-QAM, the corresponding values are 4 dB, 2.2 dB and 1.2 dB for 60 kHz, 120 kHz and 240 kHz, respectively. This is due to fact that the impact of ICI component becomes smaller while increasing the subcarrier spacing. Therefore, to enable the utilization of high MCSs in NR system, it is highly important that reference signals targeted for PN compensation are further studied in the framework of NR.
Observation #1: Assuming the PN model of WF proposal in [4] at 30 GHz, the BLER performance of PDSCH is severely degraded without PN compensation.
Observation #2: Assuming the PN model of WF proposal in [4] at 30 GHz, the BLER performance of PDSCH can be significantly improved by performing PN-induced CPE estimation and compensation based on continuous-in-time PCRS pilots.

Observation #3:  Continuous-in-time PCRS design enables to use higher order MCSs, e.g. R=3/4 64-QAM and R=3/4 256-QAM, at high carrier frequencies in NR.  
Proposal #1: Reference signal design, such as continuous-in-time PCRS, should be considered and further analyzed for PN compensation in NR.
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Figure 4. BLER vs SNR performance of R=1/2 16-QAM, R=3/4 64-QAM and R=3/4 256-QAM rank-1 PDSCH in CDL-A channel with 50ns DS for (a) 60 kHz, (b) 120 kHz and (c) 240 kHz SC spacing.
3.
Conclusion

In this contribution we discussed about the PN impact on OFDM waveform and the need for phase compensation reference signal while targeting to estimate and compensate for PN-induced common phase error at NR UE receiver. The link-level evaluations in CDL-A channel profile indicate that by means of proper PCRS design and receiver algorithms the PDSCH detection performance for MCSs ranging from R=1/2 16-QAM to R=3/4 256-QAM can be significantly improved by performing compensation of CPE term created by oscillator PN. As a conclusion, we make the following observations and proposal:
Observation #1: Assuming the PN model of WF proposal in [4] at 30 GHz, the BLER performance of PDSCH is severely degraded without PN compensation.

Observation #2: Assuming the PN model of WF proposal in [4] at 30 GHz, the BLER performance of PDSCH can be significantly improved by performing PN-induced CPE estimation and compensation based on continuous-in-time PCRS pilots.

Observation #3:  Continuous-in-time PCRS design enables to use higher order MCSs, e.g. R=3/4 64-QAM and R=3/4 256-QAM, at high carrier frequencies in NR.  
Proposal #1: Reference signal design, such as continuous-in-time PCRS, should be considered and further analyzed for PN compensation in NR.
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Appendix – Simulation Assumptions

Table 1 Simulation Assumptions 
	Parameters
	Value

	System bandwidth
	80 MHz 

	Subcarrier spacing
	60 / 120 / 240 kHz

	Slot duration
	0.125 ms

	Cyclic prefix duration 
	1.19 µs, 0.6 µs and 0.3 µs, for 60 kHz, 120 kHz and 240 kHz, respectively. 

	UE velocity
	0 km/h

	Carrier Frequency 
	30 GHz

	Modulation and coding rate
	16QAM, R=1/2, 64QAM, R=3/4, 256QAM, R=3/4

	Channel estimation scheme
	Ideal

	CPE estimation scheme
	Based on PCRS pilots

	Number of allocated PRBs
	100 / 50 / 25 RBs for 60 kHz, 120 kHz and 240 kHz, respectively.

	Channel model
	CDL-A with 50ns DS 
AoD 15, AoA 45

For BF angles see 3GPP TR 38.900

	MIMO scheme:
      TRP antenna configuration

      UE antenna configuration

      Transmission rank
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dV, dH)=(0.5, 0.5)

The polarization angles are -45 and 45

(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1), (dV, dH)=(0.5, 0.5)

The polarization angles are -45 and 45

Rank-1

	Channel coding scheme
	LTE Turbo code

	Phase noise model
	PN model of the WF proposal in [4], @30GHz

	Receiver
	MMSE


