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Introduction
In the previous RAN1 NRAH-1701 meeting, there were agreements on the RS for phase tracking as follows [1][2]: 
	Agreements:
· Regarding PT-RS for CP-OFDM, the following is supported
· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline
· Whether/how to share DL PT-RS among UEs is FFS
· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated
· Multiple PT-RS densities defined in time/frequency domain are supported
· UE can assume same precoding for a DM-RS port and a PT-RS port
· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS
· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource
· Study the following for PT-RS, taking overhead and forward compatibility into account
· Details on frequency domain patterns/densities
· How to indicate presence/patterns of PT-RS
· 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 PT-RS ports and with data
· Using PT-RS for CFO/Doppler estimation
· QCL relationship between PT-RS and DM-RS
· Joint transmission of CSI-RS and PT-RS for improving CSI acquisition accuracy
· Others are not precluded
Agreements:
· NR considers frequency offset and PN compensation for DFTsOFDM
· FFS the exact method (e.g. pre-DFT /post-DFT insertion of PT-RS, blind detection, DM-RS)
· Consider receiver complexity, PAPR, modulation order to be supported, … 



As on the agreements, the number of PT-RS ports can be fewer than the number of DM-RS ports in scheduled resource. There are some possible PT-RS design methods when this agreement is considered. In this contribution, we discuss about PT-RS design methods considering this agreement and SU/MU-MIMO.
Discussion
SU-MIMO
We can assume the panel that has multiple digital ports that share the same oscillator. For the simplified analysis, it can be also assumed that the power spectral density of phase noise is very low and the impairment caused by phase noise can be ignored at least in gNB. In this case, phase variation caused by phase noise can be tracked by single PT-RS port. Figure 1 shows the example of this method that uses single PT-RS port for phase tracking of two DM-RS ports.
[image: ]
[bookmark: _GoBack]Figure 1. Example of single PT-RS port transmission
We assume that two DM-RS ports and single PT-RS port to track phase variation of each DM-RS port. In the presence of phase noise at receiver side, received signal can be represented by

In the above equation, we ignored both inter-carrier interference and AWGN for the simplified analysis. And,  and  represent the channel vector to u-th receiving port and precoding vector of s-th DM-RS port, respectively. And,  and  denote subcarrier index, OFDM symbol index and transmitted symbol of s-th DM-RS port, respectively.
In the PT-RS region, i.e.  and , received signal of each receiving port is represented by 


where .
So, the phase difference between the OFDM symbol which DM-RS symbols exist in and l-th OFDM symbol can be estimated as follows

where .
In the above equation,  represents the estimated effective channel from s-th DM-RS port to u-th receiving port. And, the value can be assumed as  when both inter-carrier inference and AWGN are ignored. nd,  denotes the index of OFDM symbol which DM-RS symbols exist in, e.g.  in Figure 2.
As a result, phase variation of multiple DM-RS ports can be tracked by single PT-RS. And, RS overhead from PT-RS for each DM-RS port can be reduced.
However, this method can be used only in SU-MIMO in DL. Because some UE can’t receive the PT-RS from DM-RS ports for other UEs in MU-MIMO scenario, e.g. in above equation, two precoding vector  and  are orthogonal, i.e. . So, because of this reason, PT-RS for each UE should be transmitted.
Observation #1: PT-RS for each UE should be transmitted in DL MU-MIMO scenario.
MU-MIMO
As discussed in above section, PT-RS for each UE should be transmitted in DL MU-MIMO scenario. When this observation is considered, there are some possible methods as follow.
Alt. 1: CDMed PT-RS
Figure 2 shows the example of CDMed PT-RS.
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Figure 2. Example of CDMed PT-RS
The CDMed PT-RS means that the multiple PT-RS ports transmit PT-RS by using CDM in frequency domain. And each PT-RS port is tied with some DM-RS ports. In above example, we assume DM-RS port illustrated by green color and PT-RS port illustrated by orange color are tied each other. Blue one and red one are also tied in same manner. The example transmitted signals of each PT-RS port in 3rd OFDM symbol are as follows


In the above equation,  denotes reference symbol for PT-RS.
Alt. 2: FDMed PT-RS
Figure 3 shows the example of FDMed PT-RS.
[image: ]
Figure 3. Example of FDMed PT-RS
The FDMed PT-RS also means that the multiple PT-RS ports transmit PT-RS by using FDM manner. Above example assumes orthogonal RS transmission. So, time/ frequency region that used by another PT-RS port is not used. And, as mentioned in Alt. 1 section, each PT-RS port is tied with some DM-RS ports, e.g. green-orange/ blue-red in Figure 3. The example transmitted signals of each PT-RS port in 3rd OFDM symbol are as follows


Alt. 3: Shared PT-RS
Figure 4 shows the example of Shared PT-RS.
[image: ]
Figure 4. Example of Shared PT-RS
The Shared PT-RS means that the multiple PT-RS ports share time/frequency resource to transmit PT-RS. For example, in Figure 4, we assume two PT-RS ports share the resource represented by  and . And, as mentioned in Alt. 1 and Alt. 2 section, each PT-RS port is tied with some DM-RS ports, e.g. green-orange/ blue-red. Effective channel that estimated by each DM-RS would not be estimated in PT-RS region, i.e. in  and , when PT-RS is only used to track phase variation between the OFDM symbol which DM-RS symbols exist in and other OFDM symbols. In this case, multiple PT-RS ports can share their time/ frequency resource to transmit PT-RS. The below equation shows the example of transmitted signals.


When , phase difference between the OFDM symbol which DM-RS symbols exist in and l-th OFDM symbol can be estimated as follows

where .
Observation #2: When PT-RS is only used to estimate phase difference between the OFDM symbol which DM-RS symbols exist in and other OFDM symbols, multiple PT-RS ports can share their time/ frequency resource to transmit PT-RS.
Additional issues
As discussed in above sections, there are some possible methods to design the PT-RS ports related to DM-RS ports in DL MU-MIMO scenario. In addition to these design methods, we should consider that co-scheduled UEs can have different configurations, e.g. # of PRBs, MCS level and occupied frequency band, etc. In this case, each UE can have different PT-RS time pattern and density in frequency domain. Because of these different configuration for each UE, trade-off from signaling overhead, RS overhead and interference between different PT-RS ports should be studied to design the PT-RS ports and signaling method.
Proposal #1: Trade-off from signaling overhead, RS overhead and interference between different PT-RS ports should be studied to design the PT-RS ports and signaling method.
Conclusion
In this contribution, we discuss about PT-RS design methods considering SU/MU-MIMO in DL. From the discussion, we observed as follows:
Observation #1: PT-RS for each UE should be transmitted in DL MU-MIMO scenario.
Observation #2: When PT-RS is only used to estimate phase difference between the OFDM symbol which DM-RS symbols exist in and other OFDM symbols, multiple PT-RS ports can share their time/ frequency resource to transmit PT-RS.
In addition to these observations, we propose as follows:
Proposal #1: Trade-off from signaling overhead, RS overhead and interference between different PT-RS ports should be studied to design the PT-RS ports and signaling method.
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