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1. Introduction

As the phase noise impact becomes significant in high frequency, phase tracking RS has been agreed to be supported for both NR downlink and NR uplink in RAN1#86bis. In RAN1 NR Ad-Hoc meeting, the following agreements on phase tracking RS have been achieved:
Agreements:
· Regarding PT-RS for CP-OFDM, the following is supported

· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline

· Whether/how to share DL PT-RS among UEs is FFS

· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated

· Multiple PT-RS densities defined in time/frequency domain are supported

· UE can assume same precoding for a DM-RS port and a PT-RS port

· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS

· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource

· Study the following for PT-RS, taking overhead and forward compatibility into account

· Details on frequency domain patterns/densities

· How to indicate presence/patterns of PT-RS

· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category

· E.g., explicit indication by L1/L2/L3 signaling

· Port multiplexing methods

· E.g., non-orthogonal multiplexing within PT-RS ports and with data

· Using PT-RS for CFO/Doppler estimation

· QCL relationship between PT-RS and DM-RS

· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy

· Others are not precluded

Agreements:
· NR considers frequency offset and PN compensation for DFTsOFDM
· FFS the exact method (e.g. pre-DFT /post-DFT insertion of PT-RS, blind detection, DM-RS)
· Consider receiver complexity, PAPR, modulation order to be supported, etc 
This contribution provides our proposals on phase tracking RS design for NR MIMO.
2. Phase tracking for DL
2.1. Joint transmission of CSI-RS and PTRS
As discussed in our companion contribution [1], one N-port CSI-RS resource may be mapped in multiple OFDM symbols. Figure 1 illustrates an example pattern of a 32-port CSI-RS RE mapping, which is aggregated by 16 2-port CSI-RS allocated within four consecutive symbols. Since phase noise cannot be ignored in NR especially in high frequency operation, the CSI-RS ports located on different OFDM symbols would experience different phase noise. To ensure CSI accuracy, the phase noise impact may also need to be compensated for CSI acquisition. One possible alternative is to transmit PTRS on those symbols occupied by CSI-RS. As shown in Figure 1, PTRS is mapped in the same four OFDM symbols to measure the phase variation among these OFDM symbols. The PTRS can be transmitted using one of the antenna ports. The joint transmission improves the CSI accuracy, when the ports of a CSI-RS resource are mapped to multiple OFDM symbols. However, due to the feedback delay, there is still a mismatch between the calculated CSI and the channel characteristics at the time of data transmission. One major part is the phase misalignment caused by the phase noise. If there is only single oscillator used in gNB, such phase mismatch only incurs a common phase rotation on the data, which could be incorporated into the channel characteristics and be compensated during data demodulation. In the case of multiple oscillators, the N-port CSI-RS is impacted by multiple phase noise sources. Therefore, multiple PTRS ports are required with each PTRS being associated to those CSI-RS ports sharing the same phase noise. Taking the 32-port CSI-RS as an example, assume 16 ports of the CSI-RS are impacted by one phase noise and mapped to OFDM symbols 4/5 in Figure 1. Impacted by another phase noise source, the other 16 ports are mapped to OFDM symbols 6/7. One PTRS port is transmitted to compensate the phase noise within each group of 16 ports, respectively. Especially, if the CSI-RS ports sharing the same phase noise are constrained to be mapped to a single OFDM symbol (e.g. each 8 port in an OFDM symbol share an individual phase noise source in Figure 1), it is unnecessary to transmit the PTRS.
[image: image1.emf]Time

Frequency

sub-carrier

OFDM symbol

32-port CSI-RS

PTRS

1

2

3 4 5 6

7 8 9 10 11 12 13 14

5

4

2

1

3

6

9

8

7

10

11

12


Figure 1: CSI-RS transmission with PTRS
Proposal:

· CSI-RS and PTRS are preferred to be transmitted jointly when the ports of a CSI-RS resource are mapped to multiple OFDM symbols.
2.2. PTRS design considering multiple oscillators
Phase noise of the oscillator incurs stochastic phase variations on the signal. As mentioned in [2] and [3], there may be cases in the NR downlink, where the antenna ports for data transmission share multiple oscillators. In such case, multiple PTRS ports have to be used even for the SU-MIMO rank=1 transmission. Each PTRS port aims to estimate the phase variation incurred by an independent oscillator. In the following, we propose two alternatives for the phase tracking RS design with respect to multiple oscillators used in the downlink.
Assume each panel of the TRP antenna has its own oscillator. For instance,  there are four panels at TRP as shown in Figure 2, the received signal 
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 at the UE can be represented as for rank=2 transmission 
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where 
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denotes the channel between TRP and UE including both TX/RX phase noises, 
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H

 is a part of  
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 which represents the channel between the ith TRP panel and UE, 
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j

,

W

corresponds to the precoder of the jth data stream on the ith panel, and 
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is the user data.
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Figure 2: Antenna configuration at TRP
According to the assumption, 
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) experience different phase noises. Four PTRS ports are required for tracking the phase variation of these four parts.
Alt-1: each layer of the UE data is transmitted from all antenna ports of all panels. The PTRS port number N equals to the number of oscillators as mentioned above. Different from LTE, N DMRS ports are associated with one data layer, where each DMRS port targets for measuring a part of the channel sharing the same phase noise. Therefore, there are total N·R DMRS ports needed where R is the number of data layers.
Taking the antenna configuration in Figure 2 for example, Rank=2 transmission with Alt-1 is shown in Figure 3. There are total N=4 PTRS ports and N·R=8 DMRS ports configured for the UE. Data layer 1 is associated with DMRS ports 1~4, which are used to estimate 
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 respectively. Combining the phase variations obtained on PTRS ports 1~4, the corresponding channel characteristics experienced by data layer 1 on the PTRS symbols can be derived. Similarly, data layer 2 is mapped to DMRS ports 5~8 and combined phase variation obtained on PTRS ports 1~4, the channel characteristics experienced by data layer 2 on the same PTRS symbols can also be obtained.
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Figure 3: Two layers transmission of Alt-1
Alt-2: each data layer is transmitted from a part of antenna ports of all panels. The configured PTRS port number N is related to the number of oscillators involved in the R data layers transmission. 
For example, DMRS, PTRS and data mapping for Rank=4 transmission with Alt-2 is illustrated in Figure 4. Each layer is only transmitted from those antenna ports sharing the same oscillators and is mapped to one DMRS port. In this case, the data received at the UE is represented as:
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There are total N=4 PTRS ports and R=4 DMRS ports configured for the UE. Data layer 1 is associated with DMRS port 1, which is used to estimate 
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. PTRS port 1 tracks the phase variation of panel#1. Thus, the corresponding channel characteristics experienced by data layer 1 on the PTRS symbol can be obtained. Similarly, DMRS ports 2-4 and PTRS port 2-4 are used to get the channel characteristics experienced by data layer 2-4 on the same PTRS symbol, respectively.
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Figure 4: Four layers transmission of Alt-2
For rank=2 transmission, data layer 1 and data layer 2 are separately transmitted from panel#1~2 and from panel#3~4, respectively. Each data layer is associated with 2 DMRS ports as proposed in Alt-1. Then there are total 4 PTRS ports and 4 DMRS ports configured for the UE.
For comparison, the major difference between Alt-1 and Alt-2 lies in whether each data layer is transmitted from all the TRP antenna ports or partial TRP antenna ports. Alt-1 achieves effective TRP transmission power utilization at the cost of larger DMRS overhead especially for high data layers. On the contrary, with less DMRS overhead, only partial TRP transmission power could be used in Alt-2. Since each alternative has pros and cons, both Alt-1 and Alt-2 should be considered for PTRS design.
Proposal:

· Both Alt-1 and Alt-2 should be considered as PTRS design candidates.
3. Phase tracking for UL
Phase noise compensation has been agreed to be considered for DFT-S-OFDM. Figure 5 shows the generation of DFT-S-OFDM waveform, where the UE data is spread into multiple subcarriers after DFT transformation. Then the sequential processing, i.e. subcarrier mapping (localized in LTE), IFFT and CP inserting, is similar to that of CP-OFDM waveform.
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Figure 5: DFT-S-OFDM generation
According to the agreement of the last meeting, PTRS could possibly be pre-DFT inserted (time domain insertion) or be post-DFT inserted (frequency domain insertion). The former case results in PTRS spread in the frequency domain. If data is transmitted on the same symbol, data would be mixed with PTRS, which makes it difficult to obtain the phase variation between the DMRS symbol and the PTRS symbol thus increasing the receiver complexity. Targeting a common framework between CP-OFDM and DFT-S-OFDM waveforms, inserting PTRS after DFT is preferred, which results in FDM multiplexing between data and PTRS. As an example, Figure 6 illustrates such PTRS transmission, where PTRS is inserted in the frequency domain. 
There are two issues to be considered for such PTRS insertion. The first one is that the inserting of PTRS may destroy the single carrier property in UL, which will increase CM and PAPR. Compared to DMRS and SRS, the PTRS density in the frequency domain is relatively low thus the PAPR impact may possibly be neglected, which needs to be proved by further evaluations. The second issue is how to map PTRS to sub-carriers, where two alternatives can be considered:
Alt-1: rate matching
· The DFT size equals to the number of sub-carriers excluding PTRS.
Alt-2: puncturing
· Those DFT outputs, which are mapped to the sub-carriers allocated for the PTRS, are punctured.
For low computation complexity, the DFT size is preferred to be integral multiple of 2, 3 and 5, which is fulfilled with 12 subcarriers specified in one PRB. However, for Alt-1, the DFT size would be decided by the PTRS frequency density, which may cause higher computation complexity in some cases. Alt-2 doesn’t change the DFT size, but may cause performance loss. Similarly as above, it needs to further study the impact of data puncturing on the system performance.
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Figure 6: PTRS design for DFT-S-OFDM waveform
Proposal:

· For DFT-S-OFDM waveform, PTRS insertion in the frequency domain and FDMed with data is preferred.
4. Conclusions

In this contribution, we provide our PTRS design considerations for both DL and UL. For DL, we discuss the joint transmission of CSI-RS and PRTS, and further propose two PTRS design alternatives regarding multiple phase noise sources. For UL, the post-DFT PTRS insertion is proposed for DFT-S-OFDM waveform. We have the following proposals:
Proposals:

· CSI-RS and PTRS are preferred to be transmitted jointly when the ports of a CSI-RS resource are mapped to multiple OFDM symbols.
· Both Alt-1 (each data layer transmitted from all the antenna ports, larger DMRS overhead) and Alt-2 (each data layer transmitted from partial antenna ports, less DMRS overhead) should be considered as PTRS design candidates.
· For DFT-S-OFDM waveform, PTRS insertion in the frequency domain and FDMed with data is preferred.
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