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1. Introduction
In the previous meeting, it was agreed that one PT-RS port is associated to one DMRS port per DMRS port group. Also, it was agreed that the frequency-densities (FD) of PT-RS includes occupying one subcarrier in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]. In [1], it was agreed that for MU-MIMO, non-orthogonal multiplexing of e.g. PT-RS/PT-RS and PT-RS/data is possible but also orthogonal multiplexing to be considered. 

	Agreements:
· For SU-MIMO, support predefined and RRC-configured association between PT-RS densities and scheduled MCS/BW

· FFS: RRC configuration can override the predefined association 

· Table 1 in R1-1709521 to represent association between PT-RS time density and scheduled MCS

· Table 2 in R1-1709521 to represent association between PT-RS 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 PT-RS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PT-RS 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 PT-RS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).

· The frequency density of PT-RS 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 PT-RS is expected to increase with increasing the scheduled MCS

· For a UE, the configured PT-RS ports are FDMed

· FFS: TDM and/or CDM

· Support association between one PT-RS 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 PT-RS ports and multiple DMRS ports per DMRS port group

· Study the benefits of configuring the number of PT-RS 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 PT-RS ports are same or different.


In this contribution, we discuss non-orthogonal multiplexing between PT-RS and PT-RS (or data), power boosting of PT-RS, and details of PT-RS frequency pattern. 
2. Discussion on UL PT-RS
· Non-orthogonal multiplexing between PT-RS and PT-RS (or data)
In this subsection, we discuss non-orthogonal multiplexing between PT-RS and PT-RS (or data).
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Figure 1
In Equation 1, we assume that there are two UEs A and B where each UE employs single layer. For simple analysis, noiseless and ICI free condition is assumed. Then, it shows that gNB can separate received signal (on 3-th OFDM symbol) by each layer through zero forcing filter obtained by front loaded DMRS (on 2-th OFDM symbol), as plotted in Figure 1.
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Equation 1 
Here, the variables 
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 denote effective channel gain, received signal, data, PT-RS, and CPE value, respectively. In addition, 
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denote gNB Rx port index, OFDM symbol index, and UE index, respectively.
From Equation 1, we can check that CPE values of different layers are separated by each layer. In this case, UE A can estimate CPE value 
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 regardless of whether PT-RS or data is transmitted for UE B. In other words, when estimating CPE from PT-RS multiplexed with data, interference from other UEs can be suppressed through receive filter. Accordingly, for UL, only non-orthogonal multiplexing between PT-RS and PT-RS (or data) is sufficient.   
Observation 1: For at least UL, only non-orthogonal multiplexing between PT-RS and PT-RS (or data) is sufficient, since receive filter can suppress other UEs’ interference.   
· Power boosting of PT-RS
In [1], it was agreed to support orthogonal multiplexing between PT-RS and data transmitted or received by a single UE, i.e., PT-RS REs and data REs will not be overlapped from SU perspective. Depending on PT-RS port to DMRS port(s) mapping, therefore, power boosting of PT-RS needs to be defined. For example of RANK N, if one PT-RS port is associated to one DMRS port, PT-RS can be boosted up to 10logN [dB] to use maximum available Tx power per RE.
Table 1. Simulation setup

	PN Model
	PN model 2 in [2]
	CFO
	0

	Carrier Frequency
	30 GHz
	# of Physical RBs
	32

	Subcarrier Spacing
	60kHz
	# of System RBs
	100

	Channel
	CDL-C(30ns, 3km/h)
	Modulation    (Code Rate)
	64QAM(5/6)

	Channel Estimation
	Ideal
	CPE Estimation
	Real


In Figure 2, we assume that there is single UE with two DMRS ports #0 and #1. In addition, UE has one PT-RS port which is associated to DMRS port #0 and is not multiplexed with data, as plotted in Figure 1. Furthermore, PT-RS time density is every symbol (pattern #1), and 8 PT-RS subcarriers are assumed.  Moreover, we follow the simulation setup in Table 1.
[image: image9.emf]16 18 20 22 24 26 28 30

0

1

2

3

4

5

6

SNR(dB)

SE(bps/Hz)

32PRBs, Pattern #1

 

 

Non-boost

3dB boost


Figure 2
This figure shows that 3dB boost provides performance gain of about 0.25dB almost constant for all SNR regions. 
Proposal 1: Define power boosting factor of PT-RS according to PT-RS port to DMRS port mapping. 
· PT-RS frequency pattern

It was agreed that the frequency-densities (FD) of PT-RS includes occupying one subcarrier in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]. Based on the agreement, the following example on frequency density can be considered.
Table 2
	Scheduled BW
	Frequency density

	0< NRB <=4
	No PT-RS

	5< NRB <=8
	1

	9< NRB <=16
	1/2

	17< NRB <=32
	1/4


We found a problem of Table 2 that the number of PT-RS subcarriers can be decreased at the transition boundaries of frequency density. For example, when scheduled BW is 8 and 9, the corresponding numbers of PT-RS subcarriers are 8 and 4, respectively. In other words, this approach can make the number of PT-RS subcarriers for larger BW smaller than that for smaller BW. As shown in our companion contribution [3], BLER performance is more sensitive to the number of PT-RS subcarriers as allocated BW becomes larger. Thus, we can see that the agreement may incur the unsuitable number of PT-RS subcarriers for a specific BW. Also, there is an ambiguity as to which PRB has the PT-RS when the frequency density in Table 2 is less than one. 

To resolve the issues, for the frequency density less than 1, we propose to use following equation for the PRB index
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, including PT-RS where L is the number of PT-RS subcarriers.
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     Equation 2
In Equation 2, the variables 
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 represent the number of allocated PRBs and PRB offset value, respectively. Equation 2 can make the number of PT-RS subcarriers to be consistent without regard to the transition boundaries of FD, and the FD keeps decreasing as scheduled BW increases. Based on Equation 2 with 
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, Figure 3 illustrates PT-RS frequency pattern where PRB offset value 
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 is set to zero for simplicity.
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Figure 3
In this way, Table 2 can be modified to Table 3, where the value of L can be fixed per given range of scheduled BW (e.g. L=8 for P>8).
Table 3
	Scheduled BW
	Frequency density

	

0< NRB <=4
	No PT-RS

	5< NRB <=8
	1

	9< NRB 
	L/NRB


Accordingly, we can see that Equation 2 resolves the issues while satisfying principles that FD keeps decreasing as scheduled BW increases, and PT-RS subcarriers are uniformly distributed as possible. 
Proposal 2: PRB indices including PT-RS are represented by the following equation:
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where 
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represent the number of allocated PRBs, PRB index including PT-RS, the number of PT-RS subcarriers, and PRB offset value, respectively. 
3. Conclusion
In this contribution, we discussed non-orthogonal multiplexing between PT-RS and PT-RS (or data), power boosting of PT-RS, and details of PT-RS frequency pattern. From the discussion, our observations and proposals are as follows:
Observation 1: For at least UL, only non-orthogonal multiplexing between PT-RS and PT-RS (or data) is sufficient, since receive filter can suppress other UEs’ interference.   
Proposal 1: Define power boosting factor of PT-RS according to PT-RS port to DMRS port mapping. 

Proposal 2: PRB indices including PT-RS are represented by the following equation:
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where 
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represent the number of allocated PRBs, PRB index including PT-RS, the number of PT-RS subcarriers, and PRB offset value, respectively. 
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