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1. Introduction
In RAN1 #89 and AH#2, following agreements were made with respect to DMRS and PT-RS configurations. Also, it was agreed to study power boosting aspects for PT-RS.
	Agreements: [1]
· For a UE, the configured PTRS ports are FDMed

· FFS: TDM and/or CDM
· Support association between one PTRS 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 PTRS ports and multiple DMRS ports per DMRS port group

· Study the benefits of configuring the number of PTRS 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 PTRS ports are same or different.
Agreements: [2]
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port and one DL DM-RS port in the DL DM-RS port group are associated for phase tracking, the association is determined in the specification

· FFS details for the association

· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with:

· Alt 1: the lowest DL DM-RS port in the DL DM-RS port group.

· Alt 2: one DL DM-RS port in the DL DM-RS port group in a RB, where the one DL DM-RS port may vary across RBs

· Other alternatives are not precluded

· To conclude with one alternative next meeting
· FFS the case of two codewords.
Agreements: [2]
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS.


In this contribution, we discuss association methods between PT-RS port and DMRS port(s), and show evaluation results on power boosting of PT-RS.

2. Discussion on DL PT-RS
· Association between PT-RS port and DMRS port(s) per DMRS port group for SU-MIMO
In this subsection, we discuss association methods between one PT-RS port and DMRS port(s) per DMRS port group. 
If gNB knows which DMRS port has better channel quality in advance, DL CPE estimation performance can be improved by linking a PT-RS port to the DMRS port with better quality. However, explicit signalling may be needed to indicate which DMRS port is better. Especially for the range of layers using 1 CW, gNB may not be able to know which DMRS port is better with CQI reporting. On the other hand, when two or more CWs are used, gNB can know which CW is better based on CQI reporting per CW. At that time, PT-RS port can only be associated to DMRS port belonging to the CW with higher MCS. 
Proposal 1: For two CW transmissions, a PT-RS port can only be associated to DMRS port(s) belong to the CW with higher MCS.
· Power boosting of PT-RS
In the previous meeting, it was agreed to study whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS. In this subsection, we show evaluation results on power boosting of PT-RS when rank is larger than 1.
In our evaluation, we adopt DMRS configuration 1, and assume there is single UE with two DMRS ports #0 and #1 as shown in Figure 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, and 8 PT-RS subcarriers are assumed.  Moreover, we follow the simulation setup in Table 1.
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Figure 1. DMRS and PTRS patterns for evaluation
Table 1. Simulation setup

	PN Model
	PN model 2 in [3]
	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)
	256QAM(3/4)

	Channel Estimation
	Ideal
	CPE Estimation
	Real


[image: image2.emf]22 24 26 28 30 32 34 36

0

1

2

3

4

5

6

7

8

SNR(dB)

SE(bps/Hz)

32PRBs, RANK=2, PT-RS=8

 

 

non-boost

3dB boost


Figure 2
Figure 2 shows evaluation results. Here, non-boost indicates that PT-RS port has the same  EPRE (Energy per RE) as DMRS port #0, while 3dB boost represents that PT-RS has twice the EPRE of DMRS port #0. Here, it can be seen that 3dB boost provides performance gain of about 0.6dB almost constant for all SNR regions. 

Proposal 2: Support power boosting of PT-RS for rank larger than 1. 
· PT-RS frequency density table and PRB location including PT-RS
In our companion contribution [4], we provided UL PT-RS frequency density table and equation for PRB location including UL PT-RS. The table and equation can also be applied to DL PT-RS, so that we propose followings.
Proposal 3: PT-RS frequency density table is defined as following:
	Scheduled BW
	Frequency density

	NRB < BW1
	 1 or L1/NRB

	BW1≤ NRB < BW2
	L2/NRB

	…
	…

	BWN≤ NRB
	LN/NRB


where the value of Li is the number of PT-RS subcarriers for given BW and Li>=Lj for i>j.
Proposal 4: Based on the proposed PT-RS frequency density table, PRB index 
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including PT-RS is generated by the following function:
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where 
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denotes PRB offset value. 
3. Conclusion
In this contribution, we discussed association methods between PT-RS port and DMRS port, and showed evaluation results on power boosting of PT-RS. From the discussion, our observations and proposes are as follows:
Proposal 1: For two CW transmissions, a PT-RS port can only be associated to DMRS port(s) belong to the CW with higher MCS.
Proposal 2: Support power boosting of PT-RS for rank larger than 1. 
Proposal 3: PT-RS frequency density table is defined as following:
	Scheduled BW
	Frequency density

	NRB < BW1
	 1 or L1/NRB

	BW1≤ NRB < BW2
	L2/NRB

	…
	…

	BWN≤ NRB
	LN/NRB


where the value of Li is the number of PT-RS subcarriers for given BW and Li>=Lj  for i>j.
Proposal 4: Based on the proposed PT-RS frequency density table, PRB index 
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including PT-RS is generated by the following function:
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where 
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denotes PRB offset value.
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