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1. Introduction
In RAN1 #88, it was agreed that presence/patterns of PT-RS are configured by a combination of RRC signalling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI, and so on, as follows: 
	Agreements:
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.

· Whether PT-RS can be present or not depends on RRC configuration. 

· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS

· FFS: Time domain density is associated with dynamic configuration by MCS. 

· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.

· FFS: Frequency domain density is associated with dynamic configuration by MCS. 

· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.

· Other association factors/rules are not precluded.

· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different.


In this contribution, we first address evaluation results on PT-RS time density according to allocated BW, and provide our observations and proposals based on the results.
2. Evaluation Results
In this section, Table 1 shows simulation setup, and all simulation results follow that unless otherwise stated. Also, the PT-RS is uniformly distributed in given PRBs. 
Table 1. Simulation setup

	PN Model
	PN model 2 in [1]
	CFO
	0

	Carrier Frequency
	30 GHz
	# of Physical RBs
	2/4/8/16/32

	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 what follows, we adopt the following PT-RS patterns illustrated in Figure 1. Moreover, the number of PT-RS in the frequency domain for 2, 4, 8, 16, and 32PRBs are given by 4, 4, 8, 8, and 16, respectively. It should be noted that ‘SNR’ includes analog beamforming gain in the following figures.
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Figure 1 PT-RS patterns

· PT-RS density in the time domain 
In RAN1 #87, it was agreed that for CP-OFDM, time-domain density mapped on every other symbol and/or every symbol and/or every 4-th symbol is supported. In this subsection, we show spectral efficiency performance for different PT-RS time patterns illustrated in Figure 1 according to allocated BW. 
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Figure 2  32PRBs
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Figure 3  16PRBs
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Figure 4  8PRBs
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Figure 5  4PRBs
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Figure 6  2PRBs

Figure 2 shows that for PRB size of 32, pattern #1 achieves the best spectral efficiency. On the contrary, from Figure 3, Figure 4, Figure 5, and Figure 6, pattern #2 provides better spectral efficiency than pattern #1 at high SNR as PRB size decreases. This is because spectral efficiency is less sensitive to phase noise in the case of smaller PRB size. As a result, throughput loss due to RS overhead becomes dominant compared to phase noise impact on spectral efficiency as PRB size decreases.
Observation 1: For PRB size of 32, pattern #1 provides the best spectral efficiency.
Observation 2: Pattern #2 provides better spectral efficiency than pattern #1 for PRB size smaller than 32 at high SNR.
Accordingly, we observed that spectral efficiency can be improved through adapting PT-RS time density according to the scheduled BW.

Proposal 1: It should be supported to adjust the PT-RS time pattern according to the assigned BW
· Dynamic presence according to allocated BW
In this subsection, we discuss spectral efficiency performance according to whether PT-RS exists or not for different allocated BW. For Figure 5 with PRB size of 4 and Figure 6 with PRB size of 2, non CPE compensation case achieves better spectral efficiency than CPE compensation with any PT-RS time patterns at high SNR. This is due to the fact that for PRB size of 2 and 4, only single codeblock is defined in a codeword, and it spreads out in the subframe, which relieves phase noise impact.

Observation 3: For PRB size of 2 and 4, non CPE compensation case provides better spectral efficiency than CPE compensation with any PT-RS time patterns at high SNR.
On the other hand, PT-RS overhead becomes larger as allocated BW becomes smaller. For example, for PRB=32 with PT-RS=16 (in the frequency domain) and PRB=4 and PT-RS=4, their PT-RS overhead are equal to 4.17% and 8.33%, respectively. Accordingly, it should be supported that the dynamic presence can be determined by allocated BW as well as MCS.

Proposal 2: It should be supported to determine the dynamic presence of PT-RS according to allocated BW as well as MCS. 
3. Conclusion
In this contribution, we discussed PT-RS time density according to allocated BW based on evaluation results. From the discussion, our observations and proposals are as follows:
Observation 1: For PRB size of 32, pattern #1 provides the best spectral efficiency.
Observation 2: Pattern #2 provides better spectral efficiency than pattern #1 for PRB size smaller than 32 at high SNR.
Observation 3: For PRB size of 2 and 4, non CPE compensation case provides better spectral efficiency than CPE compensation with any PT-RS time patterns at high SNR.
Proposal 1: It should be supported to adjust the PT-RS time pattern according to the assigned BW
Proposal 2: It should be supported to determine the dynamic presence of PT-RS according to allocated BW as well as MCS. 
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