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Introduction
During RAN1 #89, RAN1 captured the following agreements regarding PTRS [1]
Agreements:
· For SU-MIMO, support predefined and RRC-configured association between PTRS densities and scheduled MCS/BW
· FFS: RRC configuration can override the predefined association 
· Table 1 in R1-1709521 to represent association between PTRS time density and scheduled MCS
· Table 2 in R1-1709521 to represent association between PTRS frequency density and scheduled BW
· Note: The number of rows in Table 1 and 2 can be reduced if the densities are down-selected
· FFS: UE to suggest MCS/BW thresholds in Table 1 and 2
· FFS: complementary DCI signaling 
· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]
· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).
· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)
· FFS: frequency localized mapping
· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS
· For a UE, the configured PTRS ports are FDMed
· FFS: TDM
· Support association between one PTRS port and one DMRS port per DMRS port group
· FFS: Configurable or fixed association
· FFS: Signalling methods, e.g., RRC, MAC-CE, DCI
· FFS: Support association between one or multiple PTRS ports and multiple DMRS ports per DMRS port group
· Study the benefits of configuring the number of PTRS ports for a UE, based on UE capability or UE report on
· Panels/TXRUs sharing a common oscillator or not, and/or
· Maximum number of independent oscillators at this UE, and/or
· Whether phase errors measured on PTRS ports are same or different

In this contribution, we focus on one the FFS items from the above agreement related to “frequency localized mapping” and provide justification to pursue this option further for NR specification of PTRS design. We argue that for some phase noise models which have a wide spectrum relative to subcarrier spacing, the impact of inter-carrier interference (ICI) due to phase noise can be quite pronounced. To mitigate the impact of this ICI, we propose a type of PTRS pattern which consists of several REs adjacent to each other in frequency domain. 
Design aspect of the PTRS for above 40GHz  
In previous meeting, it was agreed to support distributed PTRS pattern in frequency domain. The localized pattern is FFS. It is well-known that phase noise can be divided to two parts, CPE (common-phase error) and ICI. For below 40GHz, RAN1 is currently focusing on PTRS design for CPE compensation since the phase noise model being considered so far do not show significant impact of ICI. However, at 40GHz and higher frequencies, the effect of phase noise is more severe than that for below 40GHz due to ICI. Hence, we advocate that PTRS design for ICI compensation should also be studied now. Especially considering the desired feature of forward compatibility in NR, it would be good to consider a PTRS design that supports both CPE and ICI compensation. 
2.1 Proposed PTRS pattern in frequency domain
In our proposal, we assume that the whole RB allocation is divided into  chunks (groups) and the PTRS is located in the middle of each chunk. Each chunk contains  subcarriers. Figure 1 shows the aforementioned PTRS pattern. 


[bookmark: _Ref490656995][bookmark: _Toc488844584]Figure 1. PTRS pattern 
For more general expression, we use the ‘chunk’ based pattern. Distribute PTRS pattern can be represented as . Also, a fully localized PTRS pattern can be represented as .
2.2 Simulation results
In the next subsection, we present simulation results which show that chunk based PTRS pattern performs better than distributed pattern for above 40 GHz. The phase noise model that we consider has a loop bandwidth of 187 KHz as presented in [2]. The first set of results is generated by keeping the effective code rate fixed. In this setup, the number of PTRS REs is not changed across different PTRS patterns. A second set of results is generated for a fixed transmit block size. In this setup, the number of PTRS REs is varied so that the effective code rate is also changed. However, we expect the best performing option as the one that gives the highest throughput. 

2.2.1 Fixed effective code rate
In this section, we focus on the case of fixed effective code rate. In Figure 2 to Figure 5, the BLER performances are presented in above 40GHz based on the proposed PTRS pattern. The details of the simulation parameters are collected in Table 1. For the PTRS patterns, we use different number of chunks including 1, 2, 5, 10, 25, and 50 chunks. The number of PTRS subcarriers is kept the same at 50 for each number of chunks. Hence, 50 chunks would represent a fully distributed case, while reducing the number of chunks will imply that more PTRS REs are available in consecutive positions. 

[bookmark: _Ref490659269]Table 1 Simulation parameters
	Parameters
	Value

	Frequency
	40GHz, 60 GHz

	Sub-carrier spacing
	60KHz

	Total RB
	50RB

	Scheduled RB
	50RB

	Total number of PTRS REs per OFDM symbol
	50

	Modulation
	64QAM

	Channel
	EPA300


The ‘numchunk 50 + compensation’ means that only CPE compensation is performed based on distributed PTRS pattern. When the number of chunks is reduced, then we can utilize the consecutive PTRS REs in each chunk to also compensate ICI in addition to CPE. From Figure 2 to Figure 5, we notice that only CPE compensation is not sufficient to close the gap to reference curve with no phase noise case even at 40GHz. Furthermore, performance gain of chunk based PTRS structure (for example 2 chunk in this case) for 40 GHz and effective code rate of 0.85 with respect to fully distributed (50 chunks) is more than 6dB due to ICI compensation benefit. For the other configurations, we can also observe significant gain from chunk based PTRS pattern. These results justify that chunk based PTRS pattern should be further studied, especially for above 40GHz.
Observation 1: ICI impact is more severe at 40GHz and higher frequencies
Observation 2: Performance with chunk based PTRS pattern is better than the fully distributed pattern at 40GHz and higher frequencies since it enable ICI compensation in addition to CPE compensation.
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[bookmark: _Ref490659956][bookmark: _Toc490570191]Figure 2: BLER performance at 40 GHz, code rate=0.85
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Figure 3: BLER performance at 40 GHz, code rate=0.72
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Figure 4: BLER performance at 60 GHz, code rate=0.85
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[bookmark: _Ref490659962]Figure 5: BLER performance at 60 GHz, code rate=0.72

2.2.2 Fixed transmit block size
In this section, we fix the transmit block size  and vary the number of PTRS REs. The number of subcarriers assigned to PTRS in each OFDM symbol is 0, 5, 10, or 25. The rest of parameters are the same as in Table 1. The performance is shown in Figure 6. It shows that when we have 25 PTRS subcarriers in 1 chunk, although the effective code rate becomes higher, 10% BLER can be achieved while 0, 5, and 10 PTRS subcarriers show an error floor and cannot even achieve 10% BLER.
Observation 3: Although using more PTRS symbols increases the code rate, ability to compensate ICI in chunk based pattern is beneficial compered to distributed pattern. 

  [image: ]
[bookmark: _Ref490568250][bookmark: _Toc490570194]Figure 6 : BLER performance at 40 GHz, fixed transmit block size

From the above simulations results, we propose that chunk based PTRS pattern should be considered further for NR specification in RAN1.
Proposal 1: RAN1 should consider support of frequency localized PTRS patterns to mitigate the severe impact of ICI caused by phase noise, especially at 40GHz and higher frequency bands
Conclusions
This contribution discusses PTRS design at above 40GHz. The observations and proposal are as follows:
Observation 1: ICI impact is more severe than above 40GHz
Observation 2: Chunk based PTRS pattern outperforms compared to the fully distributed pattern at above 40GHz
Observation 3: Although using more PTRS symbols increases the code rate, ability to compensate ICI in chunk based pattern is beneficial compered to distributed pattern. 
Proposal 1: RAN1 should consider support of frequency localized PTRS patterns to mitigate the severe impact of ICI caused by phase noise, especially at 40GHz and higher frequency bands
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EPA300 64QAM, coderate=0.85, 40GHz

numchunks 50 (1RE per 1RB)+ no compensation

numchunks 50 (1REs per 1RBs)+ compensation

numchunks 25 (2REs per 2RBs)+ compensation

numchunks 10 (5REs per 5RBs)+ compensation

numchunks 5 (10REs per 10RBs)+ compensation

numchunks 2 (25 REs per 25RBs)+ compensation

numchunks 1 (50REs per 50RBs)+ compensation

Genie compensation
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EPA300 64QAM, coderate=0.72, 40GHz

numchunks 50 (1RE per 1RB)+ no compensation

numchunks 50 (1REs per 1RBs)+ compensation

numchunks 25 (2REs per 2RBs)+ compensation

numchunks 10 (5REs per 5RBs)+ compensation

numchunks 5 (10REs per 10RBs)+ compensation

numchunks 2 (25REs per 25RBs)+ compensation

Genie compensation
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EPA300 64QAM, coderate=0.85, 60GHz

numchunks 50 (1RE per 1RB)+ no compensation

numchunks 50 (1REs per 1RBs)+ compensation

numchunks 25 (2REs per 2RBs)+ compensation

numchunks 10 (5REs per 5RBs)+ compensation

numchunks 5 (10REs per 10RBs)+ compensation

numchunks 2 (25REs per 25RBs)+ compensation

numchunks 1 (50REs per 50RBs)+ compensation

Genie compensation
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EPA300 64QAM, coderate=0.72, 60GHz

numchunks 50 (1RE per 1RB)+ no compensation

numchunks 50 (1REs per 1RBs)+ compensation

numchunks 25 (2REs per 2RBs)+ compensation

numchunks 10 (5REs per 5RBs)+ compensation

numchunks 5 (10REs per 10RBs)+ compensation

numchunks 2 (25REs per 25RBs)+ compensation

numchunks 1 (50REs per 50RBs)+ compensation

Genie compensation
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EPA300 64QAM, fixed transmit block size, 40GHz

# PTRS SCs=0, no compensation

# PTRS SCs=5, no compensation, 5 chunks (1 PTRS RE per 10RBs)

# PTRS SCs=10, only CPE compensation, 10 chunks (1 PTRS RE per 5RBs)

# PTRS SCs=25, only CPE compensation, 25 chunks (1 PTRS RE per 2RBs)

# PTRS SCs=25, CPE+ ICI compensation, 1 chunk (25 PTRS REs per 50RBs)


