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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The work item proposal “New WID on New Radio Access Technology” was approved in RAN plenary #75 [1]. In NR system, a variety of reference signals were proposed for different purposes, e.g., CSI-RS and SRS for CSI acquisition, DMRS for demodulation, PTRS for phase tracking, etc.
As its name indicates, PTRS is dedicated to estimate the phase noise, which is able to degrade the performance of the channel estimation and detection at the receiver, especially in high order modulation cases. What is more, the impact of the phase noise increases as the carrier frequency grows. For NR systems, especially the ones operating at high frequency bands, e.g., million meter wave (mmWave), high-precision estimation of the phase noise is expected.
Due to the significance of phase noise estimation in the detection and equalization, PTRS related issues have been intensively discussed in the previous meetings, and the agreements achieved have been accordingly captured in the specifications [2][3][4].
In this document, some remaining issues relating to PTRS are discussed in details.
2. Discussion
2.1. PTRS port association
According to the agreements achieved so far, each PTRS port is associated with a DMRS port group in the downlink transmission, which is essentially a set of quasi-co-located (QCLed) DMRS ports. For the sake of precise phase noise estimation, PTRS is expected to be transmitted over the DMRS port with the best radio condition in the associated DMRS port group. To this end, a UE needs to feed back the strongest layer indicator (SLI) to make its serving gNB understand the exact layer index corresponding to the best downlink DMRS port. With the SLI reported, the serving gNB can permute the corresponding layer to the DMRS port with lowest port index. In this way, explicit signaling to indicate the index of the DMRS port carrying PTRS can be avoided.
In the uplink, as is well-known, both waveforms DFT-S-OFDM and CP-OFDM are supported. For DFT-S-OFDM, PTRS is undoubtedly bound to be associated to single DMRS port corresponding to the unique layer. While for CP-OFDM, PTRS ports are associated and indicated in different manner.
In the case of non-codebook-based transmission, since each SRS resource is configured with a PTRS port index, a PTRS port is associated to a SRS resource and accordingly indicated by the corresponding SRI. If more than one SRI’s are indicated in DCI, e.g., field “SRS resource indicator” in DCI format 0_1 [3], further indication is indispensable to map a PTRS port to a unique DMRS port/layer. For this purpose, a couple of methods can be considered. Similar to the PTRS port association in the downlink, a PTRS port can be mapped to the DMRS port with the lowest port index. In this way, no explicit signaling is needed. Alternatively, additional bits in DCI can be introduced to explicitly indicate the port index of the DMRS port carrying PTRS. From overhead reduction perspective, mapping a PTRS port to the DMRS port with the lowest port index should be preferred.
Observation 1
· In non-codebook-based uplink transmission, if more than one SRI’s are indicated in DCI, further indication is needed to map a PTRS port to a unique DMRS port/layer.
Proposal 1
· In non-codebook-based uplink transmission, map a PTRS port to the DMRS port with the lowest port index.
For codebook-based transmission, PTRS port association is jointly indicated by TPMI and TRI. Especially for partial-coherent or non-coherent uplink transmission, SRS ports are linked to PTRS ports, i.e., SRS port 0 and 2 share PTRS port 0; SRS port 1 and 3 share PTRS port 1. In the presence of PTRS, a 2-bit field “PTRS-DMRS association” in DCI format 0_1 is dedicated for PTRS port association [3]. The details for 1-port and 2-port PTRS can be referred to Table 1 and 2, respectively.
Table 1 (Table 7.3.1.1.2-25 in [3])
	Value
	DMRS port

	0
	0

	1
	1

	2
	2

	3
	3



Table 2 (Table 7.3.1.1.2-26 in [3])
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port transmitting layers corresponding to SRS port 0 and 2
	
	0
	1st DMRS port transmitting layers corresponding to SRS port 1 and 3

	1
	2nd DMRS port transmitting layers corresponding to SRS port 0 and 2
	
	1
	2nd DMRS port transmitting layers corresponding to SRS port 1 and 3



However, the 2-bit field “PTRS-DMRS association” in DCI format 0_1 is not always necessary. In most cases the 2 bits can be reduced further, while only on rare occasions, 2 bits are necessary. Taking single layer transmission, i.e., TRI = 1 for instance, there is no choice but to map the PTRS port if present to the unique layer carried by the unique DMRS port. Clearly, the field above is not needed at all and should be removed.
Observation 2
· In codebook-based uplink transmission, the 2-bit field “PTRS-DMRS association” in DCI is not always necessary. In most cases the 2 bits can be reduced further, while only on rare occasions, 2 bits are necessary.
Proposal 2
· In case of single layer transmission, the field “PTRS-DMRS association” in DCI should be removed.
Once a UE reports its capability of full coherent, it is expected that the UE is configured with one PTRS port if present. If a UE is scheduled with more than one layers, the field “PTRS-DMRS association” in DCI is necessary and the bit number required depends on the number of transmit antenna and TRI. The exact index of the DMRS port carrying PTRS port can be listed in Table 3. Clearly, in two-layer transmission case, i.e., TRI=2, only 1 bit is necessary for the field “PTRS-DMRS association”.
Table 3 PTRS port association for full coherent UE’s
	The number of the
transmit antenna
	TRI
	PTRS-DMRS
association
	The index of the DMRS port carrying PTRS port

	2
	2
	0
	The DMRS port corresponding to 1st transmission layer

	
	
	1
	The DMRS port corresponding to 2nd transmission layer

	4
	2
	0
	The DMRS port corresponding to 1st transmission layer

	
	
	1
	The DMRS port corresponding to 2nd transmission layer

	
	3
	00
	The DMRS port corresponding to 1st transmission layer

	
	
	01
	The DMRS port corresponding to 2nd transmission layer

	
	
	10
	The DMRS port corresponding to 3rd transmission layer

	
	
	11
	Reserved

	
	4
	00
	The DMRS port corresponding to 1st transmission layer

	
	
	01
	The DMRS port corresponding to 2nd transmission layer

	
	
	10
	The DMRS port corresponding to 3rd transmission layer

	
	
	11
	The DMRS port corresponding to 4th transmission layer


Observation 3
· For full coherent uplink transmission, in two-layer transmission case, i.e., TRI=2, only 1 bit is necessary for the field “PTRS-DMRS association”.
Proposal 3
· In case of full coherent transmission in the uplink, consider the PTRS port association scheme in Table 3.
If a UE is not able to support full coherent, but partial coherent or non-coherent transmission only in the uplink, the presence and the payload size of the field “PTRS-DMRS association” in DCI depends on the concrete TPMI and TRI as well as the number of the transmit antenna. Similarly, the exact index of the DMRS port carrying PTRS ports can be shown in Table 4. Conspicuously, for a 2-antenna UE, the field “PTRS-DMRS association” in DCI is not necessary. While for a 4-antenna UE, if the number of the transmission layers are less than or equal to 3, at most 1 bit of “PTRS-DMRS association” in DCI is needed. In other words, only for 4-layer transmission, 2 bits are demanded for PTRS port association.
Table 4 PTRS port association for partial coherent and non-coherent UE’s
	The number of the
transmit antenna
	TRI
	TPMI
	The number of
PTRS port
	PTRS-DMRS
association
	The indices of the DMRS ports carrying PTRS ports

	2
	2
	0
	2
	-
	The DMRS ports corresponding to the two transmission layers

	4
	2
	· Non-coherent: {0, 2, 3, 5}.
· Partial coherent: {6, 7, …, 13}.
	2
	-
	The DMRS ports corresponding to the two transmission layers

	
	
	Non-coherent: {1, 4}
	1
	0
	The DMRS port corresponding to 1st transmission layer

	
	
	
	
	1
	The DMRS port corresponding to 2nd transmission layer

	
	3
	Non-coherent: {0}
	2
	0
	The DMRS ports corresponding to the 1st and 2nd transmission layers

	
	
	
	
	1
	The DMRS ports corresponding to the 3rd and 2nd transmission layers

	
	
	Partial coherent: {1, 2}
	2
	0
	The DMRS ports corresponding to the 1st and 2nd transmission layers

	
	
	
	
	1
	The DMRS ports corresponding to the 1st and 3rd transmission layers

	
	4
	Non-coherent: {0}
	2
	00
	The DMRS ports corresponding to the 1st and 2nd transmission layers

	
	
	
	
	01
	The DMRS ports corresponding to the 1st and 4th transmission layers

	
	
	
	
	10
	The DMRS ports corresponding to the 3rd and 2nd transmission layers

	
	
	
	
	11
	The DMRS ports corresponding to the 3rd and 4th transmission layers

	
	
	Partial coherent: {1, 2}
	2
	00
	The DMRS ports corresponding to the 1st and 3rd transmission layers

	
	
	
	
	01
	The DMRS ports corresponding to the 1st and 4th transmission layers

	
	
	
	
	10
	The DMRS ports corresponding to the 2nd and 3rd transmission layers

	
	
	
	
	11
	The DMRS ports corresponding to the 2nd and 4th transmission layers



Observation 4
· For a 2-antenna UE only capable of non-coherent transmission in the uplink, the field “PTRS-DMRS association” in DCI is not necessary.
· For a 4-antenna UE only capable of partial coherent or non-coherent transmission in the uplink, if the number of the transmission layers are less than or equal to 3, at most 1 bit of “PTRS-DMRS association” in DCI is needed.
Proposal 4
· For partial coherent or non-coherent transmission in the uplink, consider the PTRS port association scheme in Table 4.
2.2. 
PTRS for -BPSK modulation



In order to reduce the complexity and cost of the power amplifier at a UE, DFT-S-OFDM waveform and -BPSK are supported in the NR system. The former is essentially a single-carrier waveform with low PAPR, while the latter is a particular modulation scheme, which keeps the phase variation between each pair of successive modulated symbols equal to  other than  whereby lower PAPR could be achieved compared to the conventional BPSK modulation.







It has been agreed that -BPSK modulated PTRS is supported at least for -BPSK modulated PUSCH. Considering the fact that chunk/group-based PTRS is inserted in a pre-DFT manner for DFT-S-OFDM waveform, the inherent property of -BPSK modulation scheme, i.e., -phase variation between any two successive symbols, will be lost, as illustrated in Figure 1 where -BPSK modulated PUSCH and PTRS samples are denoted by black and red vertical bars, respectively. Conspicuously, the phase transition at the edge of each PTRS chunk/group could be , but not always  any more, e.g., the vertical bars covered by dotted ellipses in the figure.


Figure 1. Pre-DFT insertion of a PTRS chunk/group




Targeting for keeping the phase transition feature of -BPSK, each data sample or PTRS sample should be modulated with the post-insertion index other than the pre-insertion index. It has been captured in section 6.4.1.2.1.2 in [2] that PTRS samples are -BPSK modulated according to the post-insertion rather than pre-insertion indices. Nevertheless, the corresponding operation on PUSCH samples has not been specified yet. Therefore, we propose to specify in [2] that PUSCH samples are -BPSK modulated based on the post-insertion instead of pre-insertion indices.
Observation 5
· 
Targeting for keeping the phase transition feature of -BPSK, each data sample or PTRS sample should be modulated with the post-insertion index other than the pre-insertion index.
Proposal 5
· 
Specify in [2] that in the DFT-S-OFDM-based uplink transmission, PUSCH samples are -BPSK modulated based on the post-insertion instead of pre-insertion indices.
2.3. Text proposals
2.3.1. Section 5.1.6.3 in [4]
================================================================================
5.1.6.3		PT-RS reception procedure
…
[bookmark: _Hlk497925681][bookmark: _Hlk497901610]If the higher-layer parameter timeDensity indicates that the thresholds ptrs-MCS(i) = ptrs-MCS(i+1), then the time density LPTRS of the associated row where both these thresholds appear in Table 5.1.6.3-1 is disabled. If the higher-layer parameter timeDensity frequencyDensity indicates that the thresholds NRB(i) = NRB(i +1), then the frequency density KPTRS of the associated row where both these thresholds appear in Table 5.1.6.3-2 is disabled.

If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, are not configured, the UE may assume LPT-RS = 1 and/or KPT-RS = 2 PTRS is not present.

If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, are configured indicated as ‘PT-RS not present’, the UE shall assume that PT-RS is not present.
…
================================================================================
2.3.2. Section 6.2.3 in [4]
================================================================================
6.2.3		UE PT-RS transmission procedure
When transform precoding is not enabled and if a UE is configured with the higher layer parameter UL-PTRS-present set to ‘ON’, 
-	…
-	otherwise the UE may assume that PT-RS is not present when scheduled MCS is smaller than 0 or the number of scheduled RBs is smaller than 1, and PT-RS is present with LPTRS = 1 and KPTRS = 2 for all other configurations.
If the higher-layer parameter UL-PTRS-time-density indicates that the thresholds ptrs-MCSi = ptrs-MCSi+1, then the time density LPTRS of the associated row where both these thresholds appear in Table 6.2.3-1 is disabled. If the higher-layer parameter UL-PTRS-timefrequency-density indicates that the thresholds NRB,i = NRB,i+1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 6.2.3-2 is disabled.
If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.2-1 and Table 6.2.3-2, are not configured, the UE shall assume LPT-RS = 1 and/or KPT-RS = 2.  
If either of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.2-1 and Table 6.2.3-2, are configured indicated as ‘PT-RS not present’, the UE shall assume that PT-RS is not present.
If a UE is configured with the higher layer parameters UL-PTRS-present and the number of configured PT-RS ports is 1, the UE is indicated a DM-RS port to be associated with the PT-RS by UL DCI.
When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols with mapping type A, and if LPT-RS is set to 2 or 4, the UE shall not transmit PT-RS. 
When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols with mapping type A, and if LPT-RS is set to 4, the UE shall not transmit PT-RS.
When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > V, where V = 28 for MCS table 1 and V = 27 for MCS table 2, respectively, the MCS for PTRS time-density determination is obtained from the DCI for the same transport block in the initial transmission, which is smaller than or equal to V. 
The maximum number of configured PT-RS ports is given by the higher layer parameter UL-PTRS-ports. 
If a UE has reported the capability of supporting [full-coherent UL transmission], the UE may expect the number of UL PT-RS ports to be configured as one,
For non-codebook based UL transmission, the UL PT-RS port index is signalled by a DCI associated to each SRS resource as described in Subclause 7.3.1.1.2 of [5, TS 38.212].
For non-codebook based UL transmission, if the UE is configured with the higher -layer parameter UL-PTRS-ports set to 2, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s). A UE may be configured with the PT-RS port index for each configured SRS resource by the higher layer parameter UL-PTRS-SRS-mapping-non-CB.  If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port.
For partial-coherent and non-coherent codebook based UL transmission, if the UE is configured with the higher-layer parameter UL-PTRS-ports set to 2, the actual number of UL PT-RS port(s) and the associated transmission layer(s) is determined based on TPMI and/or TRI in DCI format 0_1.
-	if the UE is configured with the higher -layer parameter UL-PTRS-ports set to 2, the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:
-	...
================================================================================
Proposal 6
· Consider the text proposals relating to PTRS.
3. Conclusion
In this contribution, some PTRS related details were discussed. Based on the discussion, we have following observations and proposals.
Observation 1
· In non-codebook-based uplink transmission, if more than one SRI’s are indicated in DCI, further indication is needed to map a PTRS port to a unique DMRS port/layer.
Observation 2
· In codebook-based uplink transmission, the 2-bit field “PTRS-DMRS association” in DCI is not always necessary. In most cases the 2 bits can be reduced further, while only on rare occasions, 2 bits are necessary.
Observation 3
· For full coherent uplink transmission, in two-layer transmission case, i.e., TRI=2, only 1 bit is necessary for the field “PTRS-DMRS association”.
Observation 4
· For a 2-antenna UE only capable of non-coherent transmission in the uplink, the field “PTRS-DMRS association” in DCI is not necessary.
· For a 4-antenna UE only capable of partial coherent or non-coherent transmission in the uplink, if the number of the transmission layers are less than or equal to 3, at most 1 bit of “PTRS-DMRS association” in DCI is needed.
Observation 5
· 
Targeting for keeping the phase transition feature of -BPSK, each data sample or PTRS sample should be modulated with the post-insertion index other than the pre-insertion index.
Proposal 1
· In non-codebook-based uplink transmission, map a PTRS port to the DMRS port with the lowest port index.
Proposal 2
· In case of single layer transmission, the field “PTRS-DMRS association” in DCI should be removed.
Proposal 3
· In case of full coherent transmission in the uplink, consider the PTRS port association scheme in Table 3.
Proposal 4
· For partial coherent or non-coherent transmission in the uplink, consider the PTRS port association scheme in Table 4.
Proposal 5
· 
Specify in [2] that in the DFT-S-OFDM-based uplink transmission, PUSCH samples are -BPSK modulated based on the post-insertion instead of pre-insertion indices.
Proposal 6
· Consider the text proposals relating to PTRS.
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