Page 1




3GPP TSG RAN WG1 NR Ad-Hoc Meeting                                   R1-1700355
Spokane, USA, 16th – 20th, January, 2017

Source: 	Intel Corporation
Title:	Discussion on Reference Signal for Phase Tracking
Agenda item:	   5.1.2.3.3
Document for:	Discussion and Decision

1. Introduction
In the RAN 1 #87 meeting some agreements on NR reference signals for phase tracking have been achieved as follows [1]:
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 
· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density
· Note: Other time-domain densities of PT-RS are not precluded
· At least for UL 
· The presence of PT-RS is UE-specifically configured
· FFS: Whether implicit and/or explicit UE-specific configuration is supported
· PT-RS is confined in the scheduled time/frequency duration for a UE
· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL
· The following are to be studied for PT-RS:
· Number of PT-RS ports to be supported
· Use of precoding 
· QCL relationship with other RS, e.g., DM-RS 
· Details on frequency domain pattern(s) and/or variable frequency domain densities
· Whether PT-RS is necessary for DFT-s-OFDM waveform
· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE
· Additional usage for estimating residual frequency offset and/or high-speed channel
· Possible method(s) to improve phase estimation performance from PT-RS
· E.g., using ZP/NZP PT-RS to reduce interference 
· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling
· Others are not precluded
· FFS whether new RS is introduced or extended DMRS is used for phase tracking

In this contribution, we provide some discussion and evaluation results on Tracking Reference Signal (TRS), which can be used for compensation of phase noise (PN) and carrier frequency offset (CFO). The resource mapping in time domain and frequency domain TRS in CP-OFDM waveform will be discussed as well as the precoding aspects of TRS. Further, TRS design for DFT-s-OFDM waveform, which has been agreed in RAN1 for link budget limited scenario, has been also discussed along with evaluation results.
2. Phase Tracking for CP-OFDM Waveform
The phase noise could cause a Common Phase Error (CPE) on all subcarriers in the same OFDM symbol and the CFO cause linear phase shift across the OFDM symbols. To compensate the phase noise and CFO impact, phase noise by some reference signal (TRS) should be considered [1]. 
Time Domain Resource Mapping
In time domain, TRS can be mapped discontinuously or continuously. For discontinuous TRS mapping options, the phase compensation on the OFDM symbol without TRS should be defined. There can be two options below to determine the phase for the OFMD symbol(s) without TRS:
Option 1: the receiver does not compensate any phase shift for such symbol(s) and directly re-use the channel estimated from DMRS. Then the CPE and CFO impact would not be compensated.
Option 2: the receiver estimate the phase shift according to the phase shift between the symbol where there is TRS and the DMRS symbol. For example, the average phase shift between the consecutive two symbols can be calculated based on the TRS and DMRS. Then the CFO can be compensated but additional error could be observed due to phase noise.
Option 3: Use the phase estimated from the most recent TRS transmission. 
Hence, for discontinuous mapping none of the options could be used to perfectly compensate the phase shift caused by both CPE and CFO for the symbols without TRS. According to the simulation results in [2] – [5], better performance could be observed from continuous mapping compared to discontinuous mapping. Therefore, continuous time domain mapping should be supported.
Proposal 1: in time domain, continuous TRS resource mapping should be supported.
Frequency Domain Resource Mapping
With regard to the frequency domain density of TRS, as the CPE is the same in every subcarriers within one OFDM symbol, one TRS RES per OFDM symbol theoretically can be sufficient for high SINRs. However, due to noise and ICI impact, more RES allocated to the TRS should be considered to improve the CPE estimation accuracy. If the TRS density is fixed to be x REs per RB, the number of TRS REs in one symbol depends on the allocated bandwidth. For example, if the TRS is fixed to be 0.25 REs per RB, when the number of allocated RBs for one user is relatively large, e.g. 32 RBs, the number of TRS REs in the one symbol is as 8 times as the case when the UE is allocated 4 RBs. Then the CPE compensation accuracy for 32RBs is better than 4RBs. Hence, the frequency density could be determined by the allocated bandwidth. Further, the CPE estimation accuracy also replies on the SINR. The SINR observed in TRS may be different from that observed in data if some TRS interference suppression operation is used, e.g. ZP TRS. Hence, it is not easy to determine the frequency domain densities simply by MCS or scheduling bandwidth. Some control signalling in DCI should be used to determine the density more flexibly. 
Proposal 2: in the frequency domain, the TRS density is indicated via DCI.  
Precoder of TRS
The phase shift caused by phase noise and CFO could be the same from different antenna elements in one antenna panel. To save TRS overhead, 1 antenna port per beam for TRS could be enough. In this case the following options for the TRS precoding can be considered:
Option 1: The TRS shares one AP of DMRS. The AP index for TRS could be one of the APs for DMRS.
Option 2: the TRS precoder is determined by the DMRS precoder. The precoder of TRS can be obtained by averaging the precoder of all layers of DMRS precoder.
Option 3: Independent rank-1 precoding for TRS. The TRS should be mapped to every symbols including the DMRS symbol.
For option 1, the TRP could select the strongest AP to transmit the TRS to get better phase tracking performance. For uplink, it is easy for the TRP to determine which AP is better. For downlink, if only one codeword is used for one beam, some additional signalling is needed to indicate the best AP index for TRS. For option 2, no additional signalling or operation is needed, but the performance cannot be the best comparing to other options. For option 3, as best rank 1 precoder may not be any column in rank>1 precoder, independent precoder of TRS could help to achieve better performance. However the TRS should be mapped to DMRS symbol, which could result in additional overhead and may have some impact on the PAPR of DMRS.
Proposal 3: To save the overhead due TRS, one TRS antenna port per beam should be supported, and it should be studied whether the TRS antenna port can be shared with DMRS or the precoder of TRS can be different from DMRS precoder.
3. 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 [6], the time domain TRS and frequency domain TRS for the DFT-S-OFDM waveform has been discussed. Both time domain TRS and frequency domain TRS can help to track the phase shift, and some performance gain can be achieved with the help of TRS in high modulation scheme. However, the DFT-S-OFDM waveform is targeting for the link budget limited case. So, in most of the cases, DFT-S-OFDM should be working in low or medium SINR scenarios. The medium SINR can be the case where there is no interference or the interference can be limited. 
Figure 1 illustrates link-level simulation results for the low and medium SINR cases. For low SINR R= 1/2 QPSK was used, while for the high SINR R = 2/3 16QAM. The frequency offset was set to 0.1ppm. The detail simulation assumptions can be found in Appendix. It can be observed that for low SINR case, the phase noise impact is not significant. Instead, with CFO there could be about 0.3dB performance degradation. The phase tracking performance is not good, as the SINR is low and the simulated TRS density is not low. With perfect CFO and phase noise compensation, about 0.3dB performance gain can be obtained. Hence for low SINR, to tracking the phase, some methods to increase the SINR or TRS could be necessary, such as ZP TRS. Further, for medium SINR case, it can be observed that with phase compensation, about 1.2 dB gain can be achieved.
 [image: ][image: ]
Figure 3: The performance of TRS compensation (4RBs, left: 1/2 QPSK, right: 2/3 16QAM)
	Observation 1: For medium SINR, about 1.2 dB performance gain can be achieved with TRS; for low SINR, about 0.3dB performance loss can be observed with phase noise and frequency offset.
	Based on the observation above the following proposal can be made:
Proposal 4: for DFT-S-OFDM waveform, the TRS should be supported for the phase noise and frequency offset compensation and tracking. 
4. Conclusion
In this contribution, we provide some discussion on the reference signal for phase tracking, and the following observations and proposals have been achieved.
Observation 1: For medium SINR, about 1.2 dB performance gain can be achieved with TRS; for low SINR, about 0.3dB performance loss can be observed with phase noise and frequency offset.
[bookmark: _GoBack]Proposal 1: in time domain, continuous TRS resource mapping should be supported.
Proposal 2: in the frequency domain, the TRS density is indicated via DCI.
Proposal 3: To save the overhead due TRS, one TRS antenna port per beam should be supported, and it should be studied whether the TRS antenna port can be shared with DMRS or the precoder of TRS can be different from DMRS precoder.
Proposal 4: for DFT-S-OFDM waveform, the TRS should be supported for the phase noise and frequency offset compensation and tracking. 
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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
	uniform distribution +/- 0.1 ppm

	Evaluation cases
	· Both phase noise and frequency offset
· Phase noise only, and no frequency offset
· No phase noise, and frequency offset only

	Subcarrier Spacing(s)
	60kHz

	# of Physical RBs
	4RBs

	Antenna Configuration 
	1x1

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

	Modulation order, Coding rate
	1/2 QPSK ,2/3 16QAM

	Channel coding scheme
	LTE turbo coding

	Link adaptation / HARQ
	No link adaptation and no HARQ

	Channel estimation
	Ideal estimation
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