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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.
Regarding PTRS, following agreements were achieved in RAN1#88bis meeting [2].
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL 
· Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration
· FFS: Support optional frequency-localized pattern with UE-specific explicit signaling.  (e.g. higher MCS case) 
· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM
· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).
· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.
· For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible but also orthogonal multiplexing to be considered
· FFS: Support multiplexing through multiple scrambling sequences for PTRS port(s) 
· Support association between PTRS port and DMRS port group
In this document, PTRS related issues are discussed in detail.
2. Discussion
In high-order modulation schemes, the performance of the equalizer or detector usually suffers the phase noise. What is worse, the phase noise usually increases as the frequency grows. Given a MCS scheme, higher frequency transmission suffers more severe phase noise than lower frequency transmission. Especially for NR systems operating at higher frequency bands, e.g., million meter wave (mmWave), the impact of phase noise cannot be neglected any more as in LTE system. A dedicated reference signal is indispensable to facilitate a receiver to estimate the phase noise suffered before data detection. Just for this reason, PTRS is proposed to track the fluctuation of the phase noise.
PTRS related issues have been intensively discussed in the previous meetings. However, there are still many uncertainties so far. In this document, we provide our viewpoints for following open aspects, e.g., PTRS sequence design and whether it is related to DMRS sequence; how to associate a PTRS port to a DMRS port group, resource mapping of PTRS in the presence of DMRS, SS block, etc.
2.1. Multiplexing of PTRS and DMRS resources
If PTRS needs to be transmitted, e.g., 256QAM over carrier frequency of 30GHz, irrespective of single-user or multi-user cases, at least one PTRS port is required for each DMRS port group[footnoteRef:1]. In this case, a PTRS port can be associated to a DMRS port group and transmitted over one component DMRS port in the group. Considering the fact that the patters of PTRS and DMRS are fairly different, e.g., higher-density in time domain but lower-density in frequency domain for PTRS, while higher-density in frequency domain but lower-density in time domain for DMRS. In this case, a PTRS and its corresponding DMRS will collide with each other in the 2-dimension resource grid, as illustrated in Figure 1. [1:  The QCL holds within each group, but does not across different groups.] 


Observation 1: 
· If a PTRS port is associated to a DMRS port group and transmitted over one component DMRS port in the group, the PTRS and its corresponding DMRS will collide with each other in the 2-dimension resource grid.
In fact, from the overhead reduction perspective, the candidate subcarrier positions for a PTRS port should be the subcarriers where the corresponding DMRS appears. Regarding the PTRS symbol and the DMRS symbol at the intersection RE, the collision ought to be solved. To this end, the DMRS sequence should be considered in the design of PTRS sequence.
Proposal 1: 
· The candidate subcarrier positions for a PTRS port should be the subcarriers where the corresponding DMRS appears.
Proposal 2: 
· The DMRS sequence should be considered in the design of PTRS sequence.


Figure 1. An example pattern of a PTRS port and its corresponding DMRS port
Generally, there are following alternatives to deal with the intersection RE(s), e.g., the RE colored by yellow in Figure 1.
Alt. 1. Puncture the DMRS RE(s) and keep the PTRS RE(s).
Alt. 2. Puncture the PTRS RE(s) and keep the DMRS RE(s).
Alt. 3. If the time domain density of PTRS is smaller than 1 RE/symbol or the frequency domain density of DMRS is smaller than 1 RE/subcarrier, the PTRS and DMRS can be jointly designed to avoid the intersection.
Alt. 4. Introduce a common phase rotation of all the PTRS symbols to make the phase of the PTRS symbol at each intersection RE equal to that of the DMRS symbol.
Alt. 5. Introduce a common phase rotation of all the DMRS symbols to make the phase of the DMRS symbol at each intersection RE equal to that of the PTRS symbol.
With respect to the five methods above, their pros and cons can be summarized in Table 1.
Table 1. Summary of the methods of dealing with the intersection RE(s) of DMRS and PTRS
	Alternatives
	Advantages
	Disadvantages

	Alt. 1
	· No impact on phase noise estimation
	· Reduced DMRS density and reduced performance of the channel estimation based on the DMRS.
· Reduced orthogonality and additional interference among DMRS ports

	Alt. 2
	· No impact on DMRS-based channel estimation
	· Reduced orthogonality between PTRS ports and additional interference among PTRS ports (multiplexed in a CDM manner)

	Alt. 3
	· No impact on phase noise estimation 
· No impact on DMRS-based channel estimation
	· Inflexible resource mapping for DMRS and PTRS.
· Limited multiplexing of DMRS ports (comb) or PTRS ports.
· Larger RS overhead.

	Alt. 4 and 5
	· No impact on phase noise estimation 
· No impact on DMRS-based channel estimation
	· The phase rotation needs to be indicated explicitly or implicitly.


Considering the fact that PTRS appears only when the phase noise cannot be neglected, e.g., in higher order modulation and higher carrier frequency cases, while DMRS is always available, changing DMRS will undoubtedly introduce more signaling overhead, e.g., in DCI. Therefore, we should keep DMRS unchanged, while any operation such as puncturing or phase rotation is performed on PTRS. In this sense, Alt. 2 and 4 are more feasible. 
Proposal 3: 
· Keep DMRS unchanged, while any operation such as puncturing or phase rotation is performed on PTRS.
On other hand, if multiple PTRS ports are multiplexed in a CDM way, puncturing the PTRS symbols (Alt. 2) on the intersection RE(s) will destroy the orthogonality between PTRS ports and give rise to inter-port interference, which will reduce the performance of phase noise estimation. Hence, Alt. 4 should be considered to solve the PTRS-DMRS symbol collision at the intersection RE(s).
Observation 2: 
· If multiple PTRS ports are multiplexed in a CDM way, Alt. 2 will destroy the orthogonality between PTRS ports and give rise to inter-port interference, which will reduce the performance of phase noise estimation.
Proposal 4: 
· Consider Alt. 4 to solve the PTRS-DMRS symbol collision at the intersection RE.
For multi-symbol DMRS case, i.e., front-loaded DMRS plus additional DMRS, there are two intersection RE’s. Clearly, it is impossible to align the phases of two PTRS symbols at the two intersection RE’s with those of DMRS by one common phase rotation on PTRS. In this case, Alt. 2 and Alt. 4 can be jointly applied, i.e., a phase rotation of PTRS to align the phase of the symbol at one intersection RE and puncturing the PTRS symbol at another intersection RE.
Proposal 5: 
· In multi-symbol DMRS case, consider the joint utilization of Alt. 2 and Alt. 4 to solve the PTRS-DMRS symbol collision at the intersection RE’s.
2.2. Handling of PTRS collision with SS block


Figure 2. Collision between PTRS and SS block
Besides DMRS, collision between PTRS and SS block is also possible, as illustrated by Figure 2. If the collision occurs, the corresponding PTRS symbol(s) at the collision RE(s) can be punctured, after all only lower order modulation schemes (e.g., QPSK) are involved in the SS block (which is essentially comprised of PSS, SSS, and PBCH) and consequently the phase noise is tolerable. However, for the PDSCH RE(s) which are FDMed with SS block, it is not the truth. If the density of the PTRS is too sparse due to the puncturing, e.g., in the PDSCH region filled by grid in Figure 2, we should explore solutions to maintain the performance of the phase noise estimation, e.g., increase the density or shift the subcarrier positions of PTRS in the frequency domain, as shown in Figure 3.


Figure 3. Shift the subcarrier positions of PTRS.
Proposal 6: 
· For the collision between PTRS and SS block, puncture the PTRS symbols on the intersection RE(s).
Proposal 7:
· If the density of the PTRS is too sparse due to the puncturing, we should explore solutions to maintain the performance of the phase noise estimation.
3. Conclusion
[bookmark: _GoBack]In this contribution, the resource multiplexing of PTRS and DMRS are discussed in detail. Based on the discussion, we have the following observations and proposals.
Observation 1: 
· If a PTRS port is associated to a DMRS port group and transmitted over one component DMRS port in the group, the PTRS and its corresponding DMRS will collide with each other in the 2-dimension resource grid.
Observation 2: 
· If multiple PTRS ports are multiplexed in a CDM way, Alt. 2 will destroy the orthogonality between PTRS ports and give rise to inter-port interference, which will reduce the performance of phase noise estimation.
Proposal 1: 
· The candidate subcarrier positions for a PTRS port should be the subcarriers where the corresponding DMRS appears.
Proposal 2: 
· The DMRS sequence should be considered in the design of PTRS sequence.
Proposal 3: 
· Keep DMRS unchanged, while any operation such as puncturing or phase rotation is performed on PTRS.
Proposal 4: 
· Consider Alt. 4 to solve the PTRS-DMRS symbol collision at the intersection RE.
Proposal 5: 
· In multi-symbol DMRS case, consider the joint utilization of Alt. 2 and Alt. 4 to solve the PTRS-DMRS symbol collision at the intersection RE’s.
Proposal 6: 
· For the collision between PTRS and SS block, puncture the PTRS symbols on the intersection RE(s).
Proposal 7:
· If the density of the PTRS is too sparse due to the puncturing, we should explore solutions to maintain the performance of the phase noise estimation.
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