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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The work item proposal “New WID on New Radio Access Technology” was approved in RAN plenary #75 [1]. In NR system, a variety of reference signals were proposed for different purposes, e.g., CSI-RS and SRS for CSI acquisition, DMRS for demodulation, PTRS for phase tracking, etc.
As its name indicates, PTRS is dedicated to estimate the phase noise, which is able to degrade the performance of the channel estimation and detection at the receiver, especially in high order modulation cases. What is more, the impact of the phase noise increases as the carrier frequency grows. For NR systems, especially the ones operating at high frequency bands, e.g., million meter wave (mmWave), high-precision estimation of the phase noise is expected.
Due to the significance of phase noise estimation in the detection and equalization, PTRS related issues have been intensively discussed in the previous meetings. In RAN1#90bis meeting, two way forwards [2][3] were agreed [4].
In this document, the remaining issues relating to PTRS are discussed in detail.
2. Discussion
2.1. PTRS for mini-slot-based transmission
As is well-known, for the sake of low latency transmission, the concept of mini-slot has been proposed in NR system. Due to its significance, mini-slot-based transmission should also be taken seriously, just as we do on normal-slot-based transmission. The PTRS design is no exception. Considering the fact that PTRS-related discussion in the previous meetings mainly focuses on the normal-slot-based but not mini-slot-based transmission, we offer our viewpoints of the PTRS design in mini-slot-based transmission.
In light of the discussion of the non-normal-slot-based transmission, one mini-slot can be comprised of L = 2, 4, or 7 symbols. In the presence of control resource set (CORESET), which may span a plurality of resource block groups (RBG’s) in the frequency domain and 1, 2, or 3 symbol(s) in the time domain, the frontloaded DMRS may be wholly or partially shifted.
It has been agreed that the PTRS is mapped at the first and relatively every LPTRS (its reciprocal 1 / LPTRS represents the density of PTRS in the time domain) PDSCH/PUSCH symbol; the mapping is restarted at each DMRS symbol; when PTRS time density is lower than 1, the symbol right after DMRS symbol does not contain PTRS [2]. Undoubtedly, it is a straightforward and simple strategy that the PTRS pattern in mini-slot-based transmission follows the counterpart for normal slot-based transmission. Nevertheless, it is less efficient. If the mapping rule for normal slot-based transmission is directly applied for mini-slot-based transmission, it will increase the overhead of PTRS and reduce the spectral efficiency, which is intolerable for resource-limited mini-slot based transmission. Figure 1 has presented an example, in which the mini-slot is comprised of 4 symbols and the density of PTRS in the time domain is 1/2, i.e., LPTRS = 2. In case of the un-uniformly distributed PTRS in the time domain, the overall performance mainly depends on the maximum inter-symbol spacing. In Figure 1, even though the spacing between the first two symbols equals 1, the maximum inter-symbol spacing is still 2 and consequently the overall performance is almost the same as the case that there is no PTRS samples in the first symbol. For this reason, we should consider a different mapping rule for the PTRS in mini-slot-based transmission.


Figure 1. PTRS pattern following the mapping rule for normal-slot, L = 4, LPTRS = 2.
Observation 1
· If the PTRS pattern for mini-slot follows the rule dedicated for normal-slot, it will increase the overhead of PTRS and reduce the spectral efficiency.
Proposal 1
· Consider a different mapping rule for the PTRS in mini-slot-based transmission.
In order to reduce the overhead of PTRS and simultaneously keep the performance of phase noise estimation, we propose to start mapping the PTRS from the symbol with DMRS and extend forward to the first PDSCH/PUSCH symbol and backward to the last PDSCH/PUSCH symbol in the mini-slot with LPTRS as the step length. Particularly, for a two-symbol mini-slot, i.e., L = 2, as long as LPTRS > 1, PTRS is not transmitted, regardless that PTRS is configured present or not.
Proposal 2
· For a two-symbol mini-slot, i.e., L = 2, as long as LPTRS > 1, PTRS is not transmitted, regardless that PTRS is configured present or not.
Again, taking a 4-symbol mini-slot for instance, the PTRS pattern following the new mapping rule can be shown in Figure 2. Compared to the PTRS pattern following the mapping rule for normal-slot (e.g., in Figure 1), the PTRS pattern following the proposed PTRS mapping rule (e.g., in Figure 2) has lower PTRS overhead but almost the same overall performance, since the maximum inter-symbol spacing of the both patterns are equal.


Figure 2. PTRS pattern following the proposed mapping rule for mini-slot, L = 4, LPTRS = 2.
Proposal 3
· Start mapping the PTRS from the symbol with DMRS and extend forward to the first PDSCH/PUSCH symbol and backward to the last PDSCH/PUSCH symbol in the mini-slot with LPTRS as the step length.
Observation 2
· Compared to the PTRS pattern following the mapping rule for normal-slot, the PTRS pattern following the proposed PTRS mapping rule has lower PTRS overhead but almost the same overall performance.
2.2. PTRS port association in the uplink
In order to describe the quasi-co-location (QCL) relationship among the DMRS ports, downlink DMRS ports are divided into a multiplicity of DMRS port group whereby QCL holds within each DMRS port group but does not apply across different DMRS port group. Considering the fact that phase noise is produced by the impairment of oscillator, PTRS can be transmitted in a per-oscillator other than per-DMRS-port way. Therefore, each PTRS port is associated with a DMRS port group. Accordingly, each PTRS port is transmitted over a component DMRS port in the associated port group. However, the concept of port group is only defined for the downlink DMRS ports and there is not any counterparts for the uplink.
In order to clarify the transmission of each PTRS port in the uplink, it is necessary to specify dedicated rules to associate to uplink DMRS ports. For single PTRS port, e.g., configured by gNB or constrained to UE implementation, the PTRS port can be associated to a specific DMRS port following a predefined association rule, e.g., association to the DMRS port with lowest or highest port index. In the case of multi-port PTRS, similarly, an equal number of DMRS ports are required and each PTRS port is uniquely associated to a DMRS port.
Proposal 4
· For single PTRS port, the PTRS port can be associated to a specific DMRS port following a predefined association rule in the uplink transmission.
· In the case of multi-port PTRS, an equal number of DMRS ports are required and each PTRS port is uniquely associated to a DMRS port in the uplink transmission.
2.3. PTRS sequence for DFT-S-OFDM waveform
For CP-OFDM waveform, on each PTRS subcarrier, the co-subcarrier DMRS symbol is repeated and extended to all the PTRS resource elements (RE’s) in the normal slot or mini-slot. However, the PTRS sequence design for DFT-S-OFDM waveform has not been determined yet.
In order to reduce the complexity of a UE, PTRS can similarly share one sequence or sequence generator with the corresponding DMRS in DFT-S-OFDM based transmission. E.g., extract a subsequence of length X x K as the PTRS sequence from the corresponding DMRS sequence; or alternatively abstract from a cell-specific mother sequence, which can be shared by all the UE’s in the cell and whose length equals the number of subcarrier in the bandwidth part (BWP). The abstraction can be performed based on the scheduled bandwidth of the UE in the frequency domain.
Proposal 5
· In DFT-S-OFDM based transmission, PTRS can similarly share one sequence or sequence generator with the corresponding DMRS.
2.4. 
PTRS for -BPSK modulation



In order to reduce the complexity and cost of the power amplifier at a UE, DFT-S-OFDM waveform and -BPSK are supported in the NR system. The former is essentially a single-carrier waveform with low PAPR, while the latter is a particular modulation scheme, which keeps the phase variation between each pair of successive modulated symbols equal to  other than  whereby lower PAPR could be achieved compared to the conventional BPSK modulation.







It has been agreed that -BPSK modulated PTRS is supported at least for -BPSK modulated PUSCH. Considering the fact that chunk-based PTRS is inserted in a pre-DFT manner for DFT-S-OFDM waveform, the inherent property of -BPSK modulation scheme, i.e., -phase variation between any two successive symbols, will be lost. Figure 3 illustrated the pre-DFT insertion of a PTRS chunk where -BPSK modulated PUSCH and PTRS samples are denoted by black and red vertical bars, respectively. Conspicuously, the phase transition at the edge of each PTRS chunk could be , but not always  any more, e.g., the vertical bars covered by dotted ellipses in Figure 3.


Figure 3. Pre-DFT insertion of a PTRS chunk
Observation 3
· 

For pre-DFT insertion of PTRS, the phase transition at the edge of each PTRS chunk could be , but not always  any more.


Targeting for keeping the nature of -BPSK modulation, i.e., the phase transition of , additional operations or refinements are necessary and should be taken into account. To this end, at least following three solutions are available.
Alt. 1. 
According to the PTRS pattern, e.g., chunk size, chunk number and chunk position, PTRS bit sequence is inserted into PUSCH bit sequence. Then, the combined bit sequence is modulated by -BPSK.
Alt. 2. 
Both PTRS and PUSCH bit sequences are independently modulated by BPSK. According to the PTRS pattern, PTRS sequence is then inserted into the PUSCH sequence. After that, each component symbol in the combined sequence is phase-rotated and the phase equals  multiplied by its index in the sequence.
Alt. 3. 
Irrespective of PTRS or PUSCH bit sequences, each element bit is modulated by -BPSK, in which the index in the to-be-combined sequence is predicted and used based on the PTRS pattern. Then, the PTRS sequence is inserted into PUSCH sequence accordingly.
Proposal 6
· 

Consider the proposed methods to guarantee the phase transition of  for -BPSK modulated PUSCH and PTRS.
2.5. Miscellaneous
Regarding chunk-based pre-DFT PTRS insertion for DFT-S-OFDM waveform, once PTRS is configured to be present, the pattern of PTRS is implicitly indicated based on the scheduled bandwidth, as shown in Table I, and the thresholds, i.e., NRBi, i = 0, 1, …, 4, can be configured by RRC signaling.
Table I. PTRS pattern for DFT-S-OFDM
	Scheduled BW
	X x K

	NRB0NRB NRB1
	2x2

	NRB1 NRBNRB2
	2x4

	NRB2NRBNRB3
	4x2

	NRB3NRBNRB4
	4x4

	NRB  NRB4
	Yx4



Particularly, before the RRC configuration, the behavior of a UE should also be clarified and specified. To be conservative, without any prior knowledge about the radio environment and the requirement of the PTRS, a UE can adopt the PTRS pattern with highest density, e.g., Yx4. If the serving gNB realizes that the PTRS density is too high and not necessary, it can override the default PTRS pattern via aforementioned RRC signaling. Otherwise, without any RRC signaling received, a UE can understand that the default PTRS pattern with largest overhead is necessary and should be continued to use.
Proposal 7
· Before RRC configuration, a UE can adopt the PTRS pattern with highest density by default.
So long as PTRS is configured to be present, symbol-level time domain density can be configured by RRC signaling, i.e., parameter LPTRS = {1, 2}. Similarly, a default value is needed before RRC configuration. Due to its significance of PTRS, the parameter should be available before uplink transmission. For this reason, the parameter can be configured in remaining system information (RMSI). Alternatively, a conservative value, e.g., LPTRS = 1, can be predefined by default. If LPTRS = 1 is not necessary and LPTRS = 2 is sufficient for a UE, the default value can be overridden by UE-specific RRC signaling.
Proposal 8
· Before RRC configuration, symbol-level time domain density can be predefined as LPTRS = 1 by default or configured in RMSI.
3. Conclusion
In this contribution, PTRS related issues were discussed in detail. Based on the discussion, we have following observations and proposals.
Observation 1
· If the PTRS pattern for mini-slot follows the rule dedicated for normal-slot, it will increase the overhead of PTRS and reduce the spectral efficiency.
Observation 2
· Compared to the PTRS pattern following the mapping rule for normal-slot, the PTRS pattern following the proposed PTRS mapping rule has lower PTRS overhead but almost the same overall performance.
Observation 3
· 

For pre-DFT insertion of PTRS, the phase transition at the edge of each PTRS chunk could be , but not always  any more.
Proposal 1
· Consider a different mapping rule for the PTRS in mini-slot-based transmission.
Proposal 2
· [bookmark: _GoBack]For a two-symbol mini-slot, i.e., L = 2, so long as LPTRS > 1, PTRS is not transmitted, regardless that PTRS is configured present or not.
Proposal 3
· Start mapping the PTRS from the symbol with DMRS and extend forward to the first PDSCH/PUSCH symbol and backward to the last PDSCH/PUSCH symbol in the mini-slot with LPTRS as the step length.
Proposal 4
· For single PTRS port, the PTRS port can be associated to a specific DMRS port following a predefined association rule in the uplink transmission.
· In the case of multi-port PTRS, an equal number of DMRS ports are required and each PTRS port is uniquely associated to a DMRS port in the uplink transmission.
Proposal 5
· In DFT-S-OFDM based transmission, PTRS can similarly share one sequence or sequence generator with the corresponding DMRS.
Proposal 6
· 

Consider the proposed methods to guarantee the phase transition of  for -BPSK modulated PUSCH and PTRS.
Proposal 7
· Before RRC configuration, a UE can adopt the PTRS pattern with highest density by default.
Proposal 8
· Before RRC configuration, symbol-level time domain density can be predefined as LPTRS = 1 by default or configured in RMSI.
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