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Introduction
PT-RS is introduced to estimate common phase error (CPE) in the presence of phase noise in high frequency band. To be more specific, PT-RS is only supported for 60kHz and 120kHz subcarrier spacing. 
In RAN1#90 [1], the following working assumption regarding PT-RS frequency domain density was reached.
	Working assumption:
· PT-RS frequency density table for 60 and 120 kHz SCS
· The listed BW thresholds are only for the predefined (default) table.
· As agreed before, the BW thresholds (N_RBi,i=1,…) in this predefined table can be replaced by RRC configuration 
· If frequency density is 1/n, then every n:th RB in the scheduled BW carry a PTRS port
· FFS on RB location offset in steps of one RB
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < [3 or 1]
	No PT-RS

	[3 or 1]≤  NRB < [5]
	[1]

	[5]≤  NRB < [10]
	[1/2]

	[10]≤  NRB < [15]
	[1/3]

	[15]≤ NRB
	1/4


· FFS; the case of non-contiguous resource allocation
· FFS: bracketed values to be decided



The PT-RS association with the lowest DMRS port within a DMRS group was agreed as well.
	Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS



The remaining issues are
· Frequency domain density refinement
· DMRS port grouping based on QCL and PT-RS
· PT-RS interference randomization
In this contribution, we are going to discuss the remaining issues on PT-RS.

Frequency domain density
Refinement to the density configuration
It was proposed in the way forward [2] that it may bring a decrease in number of PT-RS subcarriers when the bandwidth increases at the threshold RB purely based on the previous and current status that different density is associated with specific bandwidth range. A fixed mapping of (P)RB containing PT-RS is also proposed in [2], shown in Figure 1.

[image: ]
[bookmark: _Ref492461871]Figure 1 Mapping of (P)RBs containing PT-RS

The problem of this figure is that it cannot be adjusted accordingly when the threshold bandwidth is reconfigured. However, the underlying principle can be discussed. To provide a generalized scheme to suit the configurability of table of the frequency domain density, a maximum number of subcarriers corresponding to a density can be introduced and be configured by higher layers, upon the configuration of the table.
For example, by default, UE can assume that the maximum number of subcarriers is 4 for all the other density except the density with the minimum non-zero value, i.e., ¼ in the current working assumption. To be more specific, the table for frequency domain density can be found in Table 1.
[bookmark: _Ref492462440]Table 1 Proposed frequency domain density with the maximum number of subcarriers
	Contiguous Scheduled BW
	Frequency density (1/n)
	Maximum number of subcarriers

	NRB < [3 or 1]
	No PT-RS
	0

	[3 or 1]≤  NRB < [5]
	[1]
	4

	[5]≤  NRB < [10]
	[1/2]
	4

	[10]≤  NRB < [15]
	[1/3]
	4

	[15]≤ NRB
	1/4
	-



Proposal 1: Consider adopting the maximum number of subcarriers in table of the PT-RS frequency domain density. 
Default values in the density table
For the default values, we proposed that the following Table 2 should be adopted, so that for those densities between 0 and 1, there are at least 4 PT-RS REs in each bandwidth allocation, and the accuracy of CPE estimation can be ensured. Due to the same reason, we think that when the bandwidth allocation is small, there is no need to insert PT-RS. Using a small number of PT-RS, e.g., 1 or 2, would result in inaccurate CPE estimates, which could in turn compromise the objective of using PT-RS.
[bookmark: _Ref492464925]Table 2 Proposed frequency domain PT-RS density
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < 4
	No PT-RS

	4 ≤  NRB < 7
	1

	7 ≤  NRB < 10
	1/2

	10 ≤  NRB < 13
	1/3

	13 ≤ NRB
	1/4



Proposal 2: The following Table for default PT-RS frequency domain density should be supported.
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < 4
	No PT-RS

	4 ≤  NRB < 7
	1

	7 ≤  NRB < 10
	1/2

	10 ≤  NRB < 13
	1/3

	13 ≤ NRB
	1/4



Non-contiguous scheduling
Since CPE is common across subcarriers, it does no harm that some isolated PRBs may not have any PT-RS; the CPE in those PRBs can be estimated elsewhere. The distributed PT-RS is to exploit the frequency diversity. As long as it is sufficiently distributed, it does not matter if it may skip some bandwidth.
Proposal 3: Confirm the following working assumption:
· For non-consecutive scheduling, RBs are indexed among the scheduled RBs only
· For the purpose of identifying RB containing PTRS, RB indexing within scheduled RBs is common for contiguous and non-contiguous scheduling 
So if  RBs are scheduled, whose indices are , and the frequency domain density is 1/K, the RBs containing PT-RS should be . If the maximum number of subcarriers is defined, a upper limit should be added.
DMRS port grouping for PT-RS
Normally, DMRS port grouping for PT-RS is carried out in terms of independent phase source (oscillator). Meanwhile, there are already DMRS grouping based on QCL. The two grouping criteria would put much overhead in signaling design. Considering that
· DMRS ports from different QCL group probably comes from different TRPs/panels, which probably have the different phase sources.
· DMRS ports from a single QCL group probably have the same phase source.
DMRS port grouping for PT-RS could be based on the QCL grouping, and gNB only needs to signal the QCL grouping information to UE, which could be in DCI, along with the DMRS port indication. The potential problems of merging such two grouping criteria are
· If DMRS ports from different QCL groups share the same phase source, PT-RS transmission is redundant, which may affect the spectral efficiency.
· If DMRS ports from a single QCL group have more than one phase source, there is no way of estimating CPE from all sources.. Scenario of such a deployment should be identified, if exists.
Proposal 4: Consider applying QCL grouping to DMRS port grouping for PT-RS.

Conclusion
In this contribution, we discussed the remaining issues on PT-RS, including PT-RS port definition, association, and the pattern. We also considered the interference issue in MU-MIMO. Finally, the indication of DMRS grouping for PT-RS association is presented. The observations and proposals are as following:
Proposal 1: Consider adopting the maximum number of subcarriers in table of the PT-RS frequency domain density. 
Proposal 2: The following Table for default PT-RS frequency domain density should be supported.
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < 4
	No PT-RS

	4 ≤  NRB < 7
	1

	7 ≤  NRB < 10
	1/2

	10 ≤  NRB < 13
	1/3

	13 ≤ NRB
	1/4


Proposal 3: Confirm the following working assumption:
· For non-consecutive scheduling, RBs are indexed among the scheduled RBs only
· For the purpose of identifying RB containing PTRS, RB indexing within scheduled RBs is common for contiguous and non-contiguous scheduling 
Proposal 4: Consider applying QCL grouping to DMRS port grouping for PT-RS.
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