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Introduction
In RAN1 WG1 NR Ad-Hoc meeting, an agreement on RS for phase tracking in NR has been reached as follows [1]:
Agreements:
· Regarding PTRS for CP-OFDM, the following is supported
· For a given UE, the designated PTRS is confined in scheduled resource as a baseline
· Whether/how to share DL PTRS among UEs is FFS
· Presence of PTRS in scheduled resource is UE-specifically configured/indicated
· Multiple PTRS densities defined in time/frequency domain are supported
· UE can assume same precoding for a DM-RS port and a PTRS port
· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS
· Number of PTRS ports can be fewer than number of DM-RS ports in scheduled resource
· Study the following for PTRS, taking overhead and forward compatibility into account
· Details on frequency domain patterns/densities
· How to indicate presence/patterns of PTRS
· 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 PTRS ports and with data
· Using PTRS for CFO/Doppler estimation
· QCL relationship between PTRS and DM-RS
· Joint transmission of CSI-RS and PTRS for improving CSI acquisition accuracy
· Others are not precluded
In this contribution, we further discuss PTRS design issues and provide some simulation results.


Discussion
In our DMRS and PTRS design [2][3], we proposed to use additional DMRS for multiple purposes, like phase tracking and high Doppler shift compensation and frequency offset estimation. In other words, PTRS can be thought as an additional DMRS. No matter whether it is high frequency band or low frequency band, this frame structure can be used for different purposes. Since there are close connections between DMRS and PTRS, such as precoder, pattern, port number, orthogonal sequence. Then, we propose to jointly design DMRS and PTRS.  
Proposal 1: PTRS and DMRS should be designed jointly. 
· PTRS for High Doppler Shift
Different density of PTRS can be configured for different requirements. If PTRS is to compensate phase noise impact in high frequency, density in time domain should not be too low.  However, if PTRS is to compensate high Doppler shift, the density in time domain depends on UE’s speed. And the density in frequency domain depends on some conditions, like delay spread, the number of MU users.
In order to verify High Doppler Shift compensation by PTRS, we provide some PTRS patterns as shown in Figure 1 where PTRS is marked by green colour and PTRS is configured in each PRB, 2PRBs, 4PRBs in pattern 1a, 1b, 1c respectively. In this simulation, UE speed is configured to 120km/h, and baseline patterns are shown in Figure 1d and 1e which have two symbols and four symbols DMRS. 
The simulation results are shown in Figure 2, we can see that PTRS can introduce better performance for high Doppler Shift compensation. Compared with pattern 1d, PTRS has higher density in time domain which is more useful in high speed scenario. Compared with pattern 1e, PTRS has lower overhead in frequency domain which can increase transmission efficiency. Since very small delay spread often exists in high speed scenarios, PTRS with lower overhead in frequency domain works very well in high Doppler scenarios. 
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Figure 1 Patterns of DMRS and PTRS
[image: ]
Figure 2 Simulation results in high Doppler scenario
Proposal 2: Support PTRS to compensate high Doppler shift.
· PTRS for Phase Tracking
Based on pattern 1b, we also provided simulation results for phase tracking in high frequency band. As shown in Figure 3, we can see there is a good phase noise compensation even PTRS is not full density in time domain. 
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Figure 3 Performance comparison for phase noise compensation in 3km/h UE speed
· Signaling design
According to current 3GPP discussion, flexibility of DMRS and PTRS design seems one main motivation. However, control signalling overhead may be a bottleneck for standard implementation. As aforementioned analysis for DMRS and PTRS, there are many relations between those two RSs as follows:
· Antenna ports
Considering one port of PTRS may correspond to one or more ports of DMRS, the number of DMRS ports may be integer times of 2 of PTRS ports. Then the number of ports of these two sets can be jointly informed.
· The relationship of patterns
Since antenna ports of PTRS is usually not more than that of DMRS, possible patterns of PTRS may depend on patterns of DMRS. As shown in Figure 4, if DMRS pattern supports up to 2 layers, then the layers of PTRS will be 1 or 2, pattern 4a and pattern 4b can be considered as candidates for PTRS patterns. Pattern 4b can reduce RS overhead and be more suitable for one port of PTRS with SU scheduling. But pattern 4a can support up to 2 orthogonal layers.
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(4a)                                                                            (4b)
Figure 4 DMRS patterns for phase tracking
If DMRS pattern supports up to 4 layers by CDM4 in adjacent 4 REs in frequency domain, possible patterns of PTRS may have several candidates as shown in Figure 5.  From pattern 5a to 5c, fewer ports of PTRS are supported. The configuration of pattern depends on the different scenarios, such as the number of MU-users, transmission scheme (single point transmission or JT), antenna ports of DMRS per user and so on.
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(5a)                                                 (5b)                                                (5c)                                    
Figure 5 DMRS patterns for phase tracking
As shown in Figure 6, assuming 4 ports, e.g. port M0, M1, M2, M3 are configured for DMRS in pattern 6a, 6b and 6c. Then 4 ports, e.g. port N0, N1, N2, N3 can be configured for PTRS of pattern 6a, 2 ports e.g. port N0, N1 can be configured for  PTRS of pattern 6b, and 1 port e.g. port N0 can be configured for PTRS of pattern 6c. Therefore, for pattern 6a, one to one mapping can be configured; for pattern 6b, two DMRS ports correspond to one PTRS port; for pattern 6c, all ports of DMRS correspond to one PTRS port. For one PTRS port corresponding to multiple ports of  DMRS, the phase error estimation based on single PTRS port can be used for those multiple DMRS ports.



                                          
6a                                                         6b                                                6c
Figure 6 Port mapping between DMRS and PTRS
· Orthogonal sequence
gNB can use the relationship between  DMRS and PTRS to jointly inform UE the orthogonal sequence. Taking pattern 5a for example, the same OCC sequence can be used for both DMRS and PTRS if the number of ports is the same. If the ports of PTRS are less than that of DMRS e.g. in pattern 5b, the OCC sequence of DMRS port can be the sub-sequence of DMRS port. E.g. for one UE with rank1, DMRS with OCC sequence [1 -1 1 -1] which corresponds to one PTRS port with OCC sequence [1 -1], where [1 -1] is a sub sequence of [1 -1 1 -1]. Then, there is no need to introduce extra signalling to inform parameters of PTRS.
Considering above relationship between DMRS and PTRS and to reduce control signalling overhead, we propose 
Proposal3: Joint signalling should be supported for DMRS and PTRS parameters including pattern, orthogonal sequence and port mapping.
· Resource mapping
For phase noise compensation, PTRS density in frequency domain is usually low. In other words, one of several PRBs for RS transmission may be enough. In order to avoid collision between data transmission and DMRS for phase tracking, one predefined PRB of one sub-band can be used for PTRS transmission for all UEs. 
As shown in Figure 7, assuming one sub-band has 4 PRBs, and then the predefined PRB for the possibly PTRS resource is the first PRB within sub-band which is marked by green colour. After getting recourse allocation information from gNB, UE can infer PRB number of PTRS based on sub-band number.  Based on this scheme, co-scheduling users can be multiplexed on same REs, and it avoids unnecessary puncturing for MU-scheduling. Since UEs with different resource allocations may need different RS density in frequency domain, even for the MU-users. Then above PTRS can be zero power.
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Figure 7 Predefined resources for PTRS 
Proposal 4: Predefined PRB resource in a sub-band can be considered for PTRS.
To verify the frequency granularity, based on the pattern 4a as shown in Figure 4, we did some simulation as shown in Figure 8 where case 1 has no RS for phase noise compensation, case 2 is configured with PTRS in each 2 PRBs, case 3 is configured with PTRS in each 4 PRBs and case 4 is configured with PTRS in each 8 PRBs. From the simulation results, we can see only one PRB with PTRS for phase tracking may be not enough. Then too large frequency granularity of RS for phase tracking should be avoided.
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Figure 8 Performance comparisons for phase noise compensation
Proposal 5: PTRS should not be too sparse in frequency domain.
Furthermore, For RS density in time domain, besides full density, we also support 0.5 density for phase tracking based. In this case, different ports of PTRS can be multiplexed by TDM like Figure 9. Then only one sub-carrier can support 2 ports of PTRS for phase tracking.
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Figure 9 Multiple ports is TDM
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]Proposal 6: TDM for multiple ports of PTRS can be considered.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Certainly, to further reduce RS overhead for phase tracking, non-orthogonal design can be considered between different RS ports for phase tracking, even multiple ports of DMRS and PTRS are orthogonal. Since the same precoder may be used for DMRS and PTRS, interference of PTRS can be estimated based on DMRS, especially when advanced receiver is used. Then, pseudo-orthogonality by different nSCID, or non-orthogonal ports for PTRS can be considered.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of RS for phase tracking, and then we provided our views as following
Proposal 1: PTRS and DMRS should be designed jointly. 
Proposal 2: Support PTRS to compensate high Doppler shift.
Proposal3: Joint signalling should be supported for DMRS and PTRS parameters including pattern, orthogonal sequence and port mapping.
Proposal 4: Predefined PRB resource in a sub-band can be considered for PTRS.
Proposal 5: PTRS should not be too sparse in frequency domain.
Proposal 6: TDM for multiple ports of PTRS can be considered.
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Appendix
Table 1. Evaluation assumptions for DMRS for data channel (30 GHz)
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Duplex
	FDD

	Subcarrier spacing
	· 60kHz 

	Number of TXRUs
	· TRP = 2
· UE = 2

	Transmission rank for data channel
	· Rank1

	SU/MU
	· SU

	Transmission Scheme
	· Close loop

	CSI feedback / Beam management scheme
	· Idea CSI feedback, i.e. eigenvector of SVD of channel
· 4 slots delay 
· Beam selection 0  in phase 1 calibration

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data Allocation
	· 8 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 4RBs

	Modulation order, Coding rate
	· 64QAM (5/6)

	Channel coding scheme
	· LTE turbo coding (baseline) 

	Link adaptation / HARQ
	· No link adaptation and no HARQ

	Channel estimation
	· LS&2DMMSE

	Performance Metric
	· Spectral efficiency

	Phase noise and frequency offset model (Optional)
	· Evaluate with and without phase tracking with the model in table 1 in R1-1611012

	UE speed
	· 120km/h&&3 km/h 

	Channel model
	· CDL-A for 30GHz
· Possible DS values =30 ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· In case of single panel:
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)

	UE antenna configuration
	· In case of single panel:
(M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)



image3.png




image4.png




image5.png




image6.png




image7.emf
20 22 24 26 28 30 32 34 36 38

0

0.5

1

1.5

2

2.5

3

3.5

SNR(dB)

SE(bps/Hz)

PTRS compensation

 

 

1a

1b

1c

1d

1e


image8.emf
-16 -14 -12 -10 -8 -6 -4 -2 0 2 4

0

0.5

1

1.5

2

2.5

3

3.5

SNR(dB)

SE(bps/Hz)

DMRS comparison

 

 

w/o PN comp

w PN comp


image9.emf
-16 -14 -12 -10 -8 -6 -4 -2 0 2 4

10

-1

10

0

SNR(dB)

BLER

DMRS comparison

 

 

w/o PN comp

w PN comp


image10.png




image11.png




image12.png




image13.png




image14.png




image15.emf
Port M0 Port N0

Port M1 Port N1

Port M2 Port N2

Port M3 Port N3


oleObject1.bin
Port M0


Port N0


Port M1


Port N1


Port M2


Port N2


Port M3


Port N3



image16.emf
Port M0

Port N0

Port M1

Port N1

Port M2

Port M3


oleObject2.bin
Port M0


Port N0


Port M1


Port N1


Port M2


Port M3



image17.emf
Port M0

Port N0

Port M1

Port M2

Port M3


oleObject3.bin
Port M0


Port N0


Port M1


Port M2


Port M3



image18.png




image19.emf
-16 -14 -12 -10 -8 -6 -4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

DMRS comparison

 

 

case 1

case 2

case 3

case 4


image20.emf
-16 -14 -12 -10 -8 -6 -4

0

0.5

1

1.5

2

2.5

3

3.5

4

SNR(dB)

SE(bps/Hz)

DMRS comparison

 

 

case 1

case 2

case 3

case 4


image21.png




image22.png




image23.png




image2.png




