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1. Introduction
In the previous meeting, following agreements and working assumptions were made with respect to PT-RS and QCL. 
	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
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 
· Companies are encouraged to check whether or not there are significant issue(s) for the case of non-contiguous scheduling taking into account PTRS density
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.
Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:

· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:

· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively

· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group

· Note: The RSs within a RS set may be of different types

· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc

· Configuration of RS set for each state can be done via higher layer signaling

· E.g., RRC/RRC + MAC CE

· FFS the timing when the QCL is applied relative to the time of the QCL indication.


2. Discussion on PT-RS 
· PT-RS frequency density table 
In the previous meeting, there was a working assumption on PT-RS frequency table as 
Table 1 PT-RS frequency density table

	Contiguous Scheduled BW
	Frequency density (1/M)

	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


In Table 1, frequency 1/M indicates that every M-th RB in the scheduled BW carries a PTRS port. Here, frequency density of 1/3 was not agreed but newly added to reduce the discrepancy issue of PT-RS overhead at boundaries, whose further details are found in [1]. Note that evaluation results in [1], [2] and [3] reveal that frequency density of 1 is indeed necessary for smaller scheduled BW. 
Based on Table 1, RB indices i for PT-RS can be represented as
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where we assumed that the starting RB index is fixed to zero, i.e., RB offset=0. 
Alternatively, we can modify Table 1 in order not to use a new frequency density of 1/3 as follows. 
Table 2 Modified PT-RS frequency density table

	Contiguous Scheduled BW
	Frequency density (1/M)
	The maximum possible number of PT-RS subcarriers (LM)

	NRB < 3
	No PT-RS
	0

	3 ≤  NRB < 7
	1
	4

	7 ≤  NRB < 13
	1/2
	4

	13 ≤  NRB
	1/4
	25


Here, the newly added third column denotes the maximum possible number of PT-RS subcarriers (
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), and it enables to achieve the similar RS overhead as Table 1 and prevents the discrepancy problem of PT-RS at the boundaries. Based on Table 2, the RB index i including PT-RS can be represented as 
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where we assumed that the starting RB index is fixed to zero, i.e., RB offset=0. Based on Table 2 and the frequency density definition, RB locations including PT-RS are illustrated as Figure 1.
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Figure 1 RB locations including PT-RS
Accordingly, it can be seen that Table 2 can provide RS overhead similar to Table 1 using only the frequency densities 1, 1/2, and 1/4, without defining 1/3.
Proposal 1: PT-RS frequency density table is defined as Table 2. 
· PT-RS port and DMRS port association method for 2CW within single DMRS port group

In the previous meeting, it was agreed that for 2 CW case within single DMRS port group, one of the following two alternatives is to be down-selected  
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.
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). 

Here, Alt.1 can provide a better average SINR by (about 1.8dB 
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 CQI difference between two CWs) than Alt.2. In this case, PT-RS power boosting effect can be achieved only by associating PT-RS port to the CW with highest MCS without any additional feedback or signaling. In [4], we can check simulation result of the spectral efficiency improvement by 3dB PT-RS power boosting. In addition, [5] shows that DL CPE estimation performance can be improved by linking a PT-RS port to the DMRS port with better quality. Accordingly, the PT-RS port should be associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.

Proposal 2: For 2CW within single DMRS port group, the PT-RS port should be associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.  

· PT-RS port and DMRS port association method for multiple DMRS port groups
In the previous meeting, there was an agreement regarding to QCL indication of DM-RS for PDSCH via N-bit indicator field in DCI, each indicator state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively. In other words, UE can be indicated to have at most two DMRS port groups using single DCI. 

Two DMRS port groups have different CWs each other if the total number of layers is larger than 4. At that time, if each DMRS port group has its own PT-RS port, it is natural that the dynamic presence/time density of the PT-RS port is determined by the MCS of the associated CW. In RAN1 #89, however, there was just an agreement that the dynamic presence/time density of PT-RS is determined by allocated MCS and BW. Moreover, since single DMRS port group can contain at most 2CW, it is unclear which MCS is referred for 2CW cases. To simply clarify the association rule between multiple DMRS port groups and its own PT-RS ports, the dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port. 

Proposal 3: The dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port.
· PT-RS time density table
In RAN1#89, there was an agreement that PT-RS time density is determined by modulation order and code-rate. Then, [6], [7] and [8] show that PT-RS time density is strongly dependent of modulation order. Based on the observation, [8] provides the PT-RS time density table of 60kHz as
Table 3 PT-RS time density table in [8]

	Modulation
	Time density

	QPSK
	No PT-RS

	16-QAM
	1/4

	64-QAM
	1/2

	256-QAM
	1


Regarding to code-rate, however, we observed that the relationship between PT-RS time density and code-rate is not significant, which can be checked from Figure 2. Here, TD denotes Time Density. These figures show that time density 1/2 cannot achieve better spectral efficiency than time density 1 even for low code-rate as 64QAM (2/3). 
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Figure 2 Spectral efficiency for 64QAM with different code-rates for PN model in [8]
In contrast, it can be seen from Figure 3 that for 8PRBs, time density 1/2 provides better spectral efficiency than time density 1 even for 64QAM(5/6) regardless of phase noise models. This is due to the fact that for smaller BW, each codeblock in a codeword spreads out in several OFDM symbols, which relieves phase noise impact. In this regard, PT-RS is not necessary for very small BW such as 2 RBs. On the other hand, 256QAM also shows the similar tendency with 64QAM, which can be checked from evaluation results on 256QAM, plotted in Appendix. Accordingly, we can see that the order of influence factors on PT-RS time density are modulation order, BW, and code-rate regardless of phase noise models. 
Observation 1: The order of influence factors on PT-RS time density are modulation order, BW, and code-rate regardless of phase noise models.
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Figure 3 64QAM and 8RBs for 60kHz
For the case of 64QAM, evaluation results in the Appendix show that time density of 1/2 shows higher spectral efficiency than time density of 1 for both cases of 60kHz and 120kHz regardless of phase noise models when the scheduled BW is smaller than 16 RBs. On the other hand, Figure 7 and Figure 10 in the Appendix show evaluation results for the case of 16 PB scheduling. The results show that time density of 1/2 shows better performance than the time density of 1 at high SNR region and worse performance in other SNR regions, but their difference is marginal. Similarly, for the case of 256QAM, time density of 1/2 outperforms time density of 1 for both cases of 60kHz and 120kHz regardless of phase noise models when scheduled BW is smaller than 8RBs.
Observation 2: For the case of 64QAM, time density of 1/2 shows higher spectral efficiency than time density of 1 for both cases of 60kHz and 120kHz regardless of phase noise models when the scheduled BW is smaller than 16 RBs. For the case of 256QAM, time density of 1/2 shows higher spectral efficiency than time density of 1 for both cases of 60kHz and 120kHz regardless of phase noise models when the scheduled BW is smaller than 8 RBs.
Meanwhile, Figure 4 and Figure 5 show that for 16-QAM, the relationship between PT-RS time density and BW is weak.
Observation 3: In the case of 16-QAM, the relationship between PT-RS time density and BW is weak.
For a simple design of the PT-RS density table, the table should be defined with respect to modulation order and BW rather than code-rate. In this way, time density 1/2 can be adopted for 64QAM within at least 16RBs regardless of phase noise models. Accordingly, based on Observations 1, 2 and 3, we provide PT-RS density table as
Table 4 Modified PT-RS time density table

	Modulation
	Scheduled BW
	Time density

	QPSK
	-
	No PT-RS

	16-QAM
	-
	1/4

	64-QAM
	NRB <16
	1/2

	
	NRB≥16
	1

	256-QAM
	NRB <8
	1/2

	
	NRB ≥8
	1


Proposal 4: PT-RS time density table is defined as Table 4. 

3. Conclusion
In this contribution, we discussed PT-RS frequency/time density tables. Also, we provided an association method between PT-RS port and DMRS port for 2CW within single DMRS port group, and another association method for multiple DMRS port groups. From the discussion, our observations and proposals are given as follows:
Observation 1: The order of influence factors on PT-RS time density are modulation order, BW, and code-rate regardless of phase noise models.
Observation 2: For the case of 64QAM, time density of 1/2 shows higher spectral efficiency than time density of 1 for both cases of 60kHz and 120kHz regardless of phase noise models when the scheduled BW is smaller than 16 RBs. For the case of 256QAM, time density of 1/2 shows higher spectral efficiency than time density of 1 for both cases of 60kHz and 120kHz regardless of phase noise models when the scheduled BW is smaller than 8 RBs.
Observation 3: In the case of 16-QAM, the relationship between PT-RS time density and BW is weak.
Proposal 1: PT-RS frequency density table is defined as following:

	Contiguous Scheduled BW
	Frequency density (1/M)
	The maximum possible number of PT-RS subcarriers (LM)

	NRB < 3
	No PT-RS
	0

	3 ≤  NRB < 7
	1
	4

	7 ≤  NRB < 13
	1/2
	4

	13 ≤  NRB
	1/4
	25


Proposal 2: For 2CW within single DMRS port group, the PT-RS port should be associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
Proposal 3: The dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port.
Proposal 4: PT-RS time density table is defined as following:
	Modulation
	Scheduled BW
	Time density

	QPSK
	-
	No PT-RS

	16-QAM
	-
	1/4

	64-QAM
	NRB <16
	1/2

	
	NRB≥16
	1

	256-QAM
	NRB <8
	1/2

	
	NRB ≥8
	1
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5. Appendix
· 16QAM
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Figure 4 16QAM and 64RBs for 60kHz
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Figure 5 16QAM and 64RBs for 120kHz
· 64QAM
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Figure 6 64QAM and 8RBs for 60kHz
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Figure 7 64QAM and 16RBs for 60kHz
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Figure 8 64QAM and 32RBs for 60kHz
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Figure 9 64QAM and 8RBs for 120kHz
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Figure 10 64QAM and 16RBs for 120kHz
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Figure 11 64QAM and 32RBs for 120kHz
· 256QAM
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Figure 12 256QAM and 2RBs for 60kHz
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Figure 13 256QAM and 4RBs for 60kHz
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Figure 14 256QAM and 8RBs for 60kHz
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Figure 15 256QAM and 2RBs for 120kHz
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Figure 16 256QAM and 4RBs for 120kHz
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Figure 17 256QAM and 8RBs for 120kHz
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