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1. Introduction
In RAN1#86bis, RS enabling phase tracking related agreements were made as follows [1]: 
	Agreement:
· For CP-OFDM waveform, for the RS enabling phase tracking, the following should be studied:

· Time domain pattern

· Alt-1: Continuous mapping, i.e., on every OFDM symbol

· Alt-2: Non-continuous mapping, e.g., every other OFDM symbol

· Switching between Alt-1 and Alt-2 can also be considered

· Frequency domain pattern

· Alt-A: Shared and across full carrier bandwidth with fixed density/spacing

· Alt-B: Within each UE’s scheduled bandwidth and with configurable density/spacing

· Other patterns are not precluded

· Other properties

· UE-specific and/or non-UE-specific

· Port multiplexing such as FDM/TDM/CDM
· Potential sharing across users/streams
· On-off configuration


In our companion contribution [2], we see the potential benefit of phase tracking RS based on agreed evaluation assumptions for single antenna transmission which has single phase noise source [3]. For further study on phase tracking RS, we need to discuss multi-antenna related issues based on the assumption of multi-antenna with multiple phase noise sources (e.g. multiple panels, multi-TRP transmission, UL MU-MIMO, etc.). In this contribution, we discuss on port multiplexing and sharing of phase tracking RS for multi-antenna.
2. Discussion
Relation with PTRS port and single DMRS port
For single DMRS port, it is assumed that DMRS port and PTRS port are same as shown in figure 1. 
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Figure 1. Relationship with DMRS port and PTRS port in case of single DMRS port 
In figure 1, we denote receive signal at certain subcarrier of two OFDM symbols. One possible method for Common Phase Error (CPE) estimation using adjacent OFDM symbols and CPE compensation is described as below:

· Step 1: Channel estimation at each OFDM symbols using DMRS and PTRS
Φrx0(0)H0P0, Φrx0(1)H0P0 

where, Φrx (m) denotes CPE of m-th OFDM symbol, Hn denotes Channel coefficient 

and Pn denotes transmission precoding vector 
· Step 2: Obtaining phase difference between adjacent channels 

Φrx0(1)H0P0 (Φrx0(0)H0P0)* = Φrx0 (1) Φ*rx0 (0) | H0P0|2
Phase difference: Φrx0 (1) Φ*rx0 (0)
· Step 3: CPE compensation to each subcarriers

Φrx0 (1)Φ*rx0(0) Φrx0(0)H0(k)P0 = Φrx0 (1)H0(k)P0 

Relation with PTRS port and multiple DMRS ports which are FDMed
For multiple DMRS ports, it can be simply defined that same ports for DMRS is used as PTRS ports. However, since the case of all antenna DMRS ports used for PTRS brings huge overhead. So, it is needed to reduce the RS overhead for phase tracking. One possible way is to assign the limited number of antenna port for PTRS, and share the estimate CPE among DMRS ports which is expected to have same phase noise source. According to hardware implementation and antenna configuration, it can be assumed that phase noise source for group of antenna ports is same or different. For example, if multi-antenna elements within a panel share common oscillator, it can be assumed that multi-antenna ports composed by antenna elements within a panel have same phase noise source. As other example, when multi-panels have own oscillator, it is assumed that antenna ports belong in different panel have different phase noise source.
At first, we consider the case of multiple DMRS ports sharing single phase noise source. In this case, since it can be expected that CPE is same on all DMRS port, single PTRS port which is same with one of DMRS ports is assigned for CPE estimation. Estimated CPE from the PTRS port can be applied to all DMRS ports for data demodulation. Especially, in case that DMRS port are FDMed, one of DMRS port can be assigned for PTRS port as shown in Figure 1.
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Figure 1. Multiple DMRS ports with single phase noise source (DMRS ports are FDMed)
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Figure 2. Multiple DMRS ports with multiple phase noise sources (DMRS ports are FDMed)
However, if all DMRS port share estimated CPE using single PTRS port in case of multiple phase noise sources, performance degradation could be expected because inappropriate estimated CPE value is used for CPE compensation. Therefore, CPE for each phase noise source should be estimated, and orthogonal PTRS for multiple phase noise sources should be assigned. In figure 2, we describe an example that multiple PTRSs are assigned. If two groups of antenna ports have each phase noise source, at least two PTRS ports should be defined, where PTRS ports would be FDMed. 

Observation 1: When it is assumed that multiple DMRS ports have single phase noise source, all DMRS port could share estimated CPE from single PTRS port.

Observation 2: When it is assumed that multiple DMRS ports have multiple phase noise sources, CPE should be estimated for each group of antenna ports which share a phase noise source, and orthogonal PTRS should be assigned for each group.
Observation 3: In case that DMRS ports are FDMed, one of DMRS port can be assigned as PTRS port.
Relation with PTRS port and multiple DMRS ports which are CDMed
When DMRS ports are CDMed, reference signal from multi-antenna ports combined at subcarrier is received. After channel estimator, decoupled channel information can be obtained. If same phase noise source is applied for multiple antenna ports, CDMed reference signal have same CPE value. In this case, CPE can be estimated using CDMed reference signal. Also, since decoupled channel information has same CPE value, receiver can estimate CPE using decoupled channel information. Based on the understanding, we can consider two options to define PTRS port as follows:

· Option. 1: One of DMRS ports is assigned as PTRS port
· Option. 2: New port is defined for PTRS, which is related with DMRS ports.
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(a) One of DMRS ports is assigned as PTRS port
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(b) New port is defined for PTRS, which is related with DMRS ports.
Figure 3. Multiple DMRS ports with single phase noise source (DMRS ports are CDMed.)

For option 1, receiver should operate channel estimation to decouple the combined channel information. On the other hand, for option 2, there is not necessity of channel decoupling operation, and CPE estimation is possible without CDM related information.
Observation 4: In case that DMRS ports are CDMed, combined reference signal can be used for CPE estimation.
Proposal 1: In NR system, the flowing two options can be considered for PTRS port definition.
· Option. 1: One of DMRS ports is assigned as PTRS port

· Option. 2: New port is defined for PTRS, which is related with DMRS ports.

3. Conclusion
In this contribution, we discussed port multiplexing and sharing of phase tracking RS for multi-antenna. From the discussion, the following observation and proposal were made:
Observation 1: When it is assumed that multiple DMRS ports have single phase noise source, all DMRS port could share estimated CPE from single PTRS port.

Observation 2: When it is assumed that multiple DMRS ports have multiple phase noise sources, CPE should be estimated for each group of antenna ports which share a phase noise source, and orthogonal PTRS should be assigned for each group.

Observation 3: In case that DMRS ports are FDMed, one of DMRS port can be assigned as PTRS port.
Observation 4: In case that DMRS ports are CDMed, combined reference signal can be used for CPE estimation.

Proposal 1: In NR system, the flowing two options can be considered for PTRS port definition.

· Option. 1: One of DMRS ports is assigned as PTRS port.
· Option. 2: New port is defined for PTRS, which is related with DMRS ports.
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Figure 4. Multiple DMRS ports with multiple phase noise sources (DMRS ports are CDMed.)

_1539800033.vsd
0


13


1


12


5


8


11


2


3


9


7


10


4


6


Time


Frequency


0


2


1


3


5


4


6


8


7


9


11


10


DL CCH


DM-RS, p=0


DM-RS, p=1


DM-RS, p=2


DM-RS, p=3


PTRS, p=0


Sharing phase noise source



_1539800043.vsd
0


13


1


12


5


8


11


2


3


9


7


10


4


6


Time


Frequency


0


2


1


3


5


4


6


8


7


9


11


10


DL CCH


DM-RS, p=0


DM-RS, p=1


DM-RS, p=2


DM-RS, p=3


PTRS, p=0


Sharing phase noise source


Sharing phase noise source


PTRS, p=2



_1539790995.vsd
Time


Frequency


0


13


1


12


5


8


11


2


3


9


7


10


4


6


0


2


1


3


5


4


6


8


7


9


11


10


DL CCH


DM-RS, p=0


DM-RS, p=1


DM-RS, p=2


DM-RS, p=3


PTRS, p=0


CDM



_1539799229.vsd
0


13


1


12


5


8


11


2


3


9


7


10


4


6


Time


Frequency


0


2


1


3


5


4


6


8


7


9


11


10


DL CCH


DM-RS, p=0


PTRS, p=0



_1539790919.vsd
Time


Frequency


0


13


1


12


5


8


11


2


3


9


7


10


4


6


0


2


1


3


5


4


6


8


7


9


11


10


DL CCH


DM-RS, p=0


DM-RS, p=1


DM-RS, p=2


DM-RS, p=3


PTRS, p=10 
(DM-RS p=0 and 1)


CDM



_1539789768.vsd
Time


Frequency


0


13


1


12


5


8


11


2


3


9


7


10


4


6


0


2


1


3


5


4


6


8


7


9


11


10


PTRS, p=11 
(DM-RS p=2 and 3)


Sharing phase noise source


Sharing phase noise source


DL CCH


DM-RS, p=0


DM-RS, p=1


DM-RS, p=2


DM-RS, p=3


PCRS, p=10 
(DM-RS p=0 and 1)


CDM



